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PUBLICATIONS OF THE STATION: 


The publications of the Station will be mailed to all citizens 
of Connecticut, and to Granges, Farmers’ Clubs, and other 
agricultural organizations who ask for them, and so far as 
circumstances permit, to those who apply from other States. 
Requests for publications should be addressed to 

STORRS AGRICULTURAL 
EXPERIMENT STATION, » 


STORRS, Conn. 
Tolland County. 


* 


ioe of the Treasurer, - 


as Report of the Director, 


Fe ae experiment with 1 sheep, 
‘Bacteria in the dairy, 
4 etal study of rations fed to milch cows in Connecticut, 
: Meteorological observations, 
h Codperative field experiments with fertilizers, 
Composition of New England feeding stuffs, 
~The digestibility of feeding stuffs, : 
% The calculation of rations, 


‘ ‘Studies on dietaries. Standards for dietaries and rations, 





BOARD OF PRS BEES 


—— Ob hE — 


STORRS AGRICULTURAL CODER gi 


His EXCELLENCY Luzon B. Morris. 
Palle Evie, TT. 5. GOLB: 


W. E. SIMONDs, J. M. HuBBARD, 


S. W. JOHNSON, | H. G. Mites; 





Lehi ALE; | E. C. PINNEY. - 


The Station is located at Mansfield (P. O. Storrs), as a department of the Storrs Agricul- 


tural College. The chemical and other more abstract work is carried out at Wesleyan 
University, Middletown. 


OFFICERS:OF THE Si Aston 


EXECUTIVE COMMITTEE. 


Of the Board of Trustees of 


T. S. GoLp, West Cornwall, } 
f , z Storrs Agricultural College. 


J. M. Hupparp, Middletown, 4 


Dat KOONS,\ Storrs, - - - - - - President of the College. 


TREASURER. 


HENRY C. MILEs, Milford. 


STATION STAFF. 


W. O. ATWATER, Middletown, 


a « “ “i Director. 


ot ys Woops, Middletown, ° - - Vice-Director and Chemist. 


C. S. PHELPS, Storrs, - ; 2 - - -  Agriculturist. 


EL. Be FITTS, Storrs, ) - - - - Assistantin Farm Experiments. 





ee Re ee 


ek TE RY Pe 


ne 


Pee: a ay be 


5 
bes 
a 
iy 
a 
. 





Report of the Executive Committee. 


a 





To flis Excellency Luzon B, Morrts, 
Governor of Connecticut: 

In accordance with the resolution of the General Assembly 
concerning the congressional appropriations to Agricultural Ex- 
periment Stations, and an Act of the General Assembly, approved 
March 6th, 1889, relating to the publication of Reports of the 
Storrs Agricultural Experiment Station, we have the honor to 
present herewith the Sixth Annual Report of that Station, namely, 
that for the year 1893. 

The Committee refer to the accompanying report of the Treas- 
urer for details of expenditure, and to that of the Director and 
his associates for the history of the work accomplished, and ex- 
press their confident belief that the funds have been wisely 
expended and that the work is such as will result in great benefit 
to our agricultural interests. 


Respectfully submitted, 


de oe GOLD, 
JeRPeLURBART). Streeters 
4 AERO KOONS Commuttee. 
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- Report of the Treasurer 


FOR THE FISCAL YEAR ENDING JUNE 30, 1893. 





The following summary of receipts and expenditures is made 
out in accordance with the form recommended by the Association 
of American Agricultural Colleges and Experiment Stations, and 


approved by the United States Treasury Department: 


TABULAR STATEMENT OF RECEIPTS AND EXPENDITURES. 








RECEIPTS. 
U.S. «Treasury, - Ea ote : - - - - - - $7,500 00 
Sale of produce, - - - - - : = E ~ - 500 87 
Balance from I8gI-92,_ - - - - oP ia - - - 130 55 
$8,131 42 
EXPENDITURES. 
Salaries, - . - - - ~ é ‘ - - - $4,481 99 
Building, - ‘ - . 2 - = 3 : = Ig 75 
Traveling expenses, - - - - - 5 - - 329 OI 
Executive Committee, = - - - - = - . - . 97 34 
Stationery, - - eed - - - : - - - 122 51 
Postage, telegraph and telephone, - - - Bla - - I3E231 
Treasurer, - - - - = - - - - : - 51 40 
Fixtures, permanent, - - - - - - - - - 56 67 
Fixtures, not permanent, - - Fete - . - - 25 gI 
Bulletins and reports, - - = - - - - - - 165 00 
Library, - - - r - - : . - - - = ¢ 2 00 
Field experiments, - - - - - - - - - - 331 “TAN 
Team, - - - - - - = > - “ » s 46 13 
Feeding experiments, - - - - : : Z 17577 
Student and other labor, - - : < 5 : 89 53 
Apparatus, immediate, - - - : . s “ S - 400 86 
Apparatus, permanent, - 5 : Baia s of Ne are 49 
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Coal, gas and oil, eater | 193 4 
Hardware and lumber, - | 16 36 
f 157 07 
: _ Dietary investigations, - 39 52 
ee Bacteriological investigations, | 87 23 
_ Incidentals, - : , 54 45 
Balance in Treasury, 3 76 


——— 


$8,131 42 


BENRY ©, MILES, 


Treasurer, 





This certifies that we have examined the accounts of Henry C. Miles, Treas- 
_urer of the Storrs Agricultural Experiment Station, for the fiscal year ending 


June 30th, 1893, and compared them with the vouchers, and find the same 


_ correct. The balance in hands of the Treasurer on June 30th, 1893, amounted | 
Boa to Three Dollars and Seventy-six cents ($3.76). 


E. LIVINGSTON WELLS, Auditors of 
OSCAR LEACH, Public Accounts. 


, 


HARTFORD, December 26th, 1893. 
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Report of the Director 
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The principal lines of inquiry prosecuted during the past year 
may be concisely stated as follows: 


1. Meteorological observations, 

2. Field experiments with fertilizers. 
Experiments on the growth of forage plants. 
Feeding experiments with sheep. 


Digestion experiments with sheep. 


Oxatnin doo Gs 


Studies of rations fed to milch cows on dairy farms in 
Connecticut. 


7. Studies of bacteria and their action in the ripening of 
cream. 


8. Analyses of feeding stuffs. 
g. Investigations of materials used for the food of man. 
Analyses of foods exhibited at the World's Fair. 
1o. Investigations of dietaries. 
11. Experiments with the bomb calorimeter. 


12. Development of a respiration calorimeter. 


The larger part of the work done during the year is in contin- 
uation of that described in previous reports of the Station. The 
digestion experiments with sheep; the studies of the feeding 
practice of Connecticut dairymen; the investigations of foods 
undertaken at the World’s Fair in behalf of the Columbian 
Commission; and the work with the bomb and respiration calor- - 
imeters represent new inquiries. The new work, like much of. 
that previously begun, has to do chiefly with the chemistry of 
nutrition. - 

For an institution with an annual income of only $7,500 per 
year, which is the whole amount received by the Storrs Station 
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from public sources, so wide a range of subjects of investigation 
might seem inexcusable. ‘The justification is found in two facts. 
One is that the several lines of investigation upon the food and 


nutrition of animals and man are more or less nearly parallel 


with each other and are so conducted as to form really one 
department of inquiry. The other is that a considerable part 
of the work is done with little or no expense to the Station 
treasury. Free use is had of rooms and apparatus in the chemi- 
cal laboratory of Wesleyan University, whose trustees are desirous 
of promoting scientific research, especially that of the more 
abstract kind to which an already large and gradually increasing 
part of the investigations belongs. The calorimetric investiga- 
tions especially are of this order. The studies of dietaries are 
made in codperation with the U. S. Department of Labor, which 
bears a large part of the expense. The cost of the investigations 
of foods exhibited at the World’s Fair is borne mainly by the 
Bureau of Awards of the Columbian Commission. Considerable 
sums have been given from time to time by private individuals in 
aid of different parts of the more purely scientific inquiry. 
Though these sums have been placed in charge of the treasurer 
of Wesleyan University they have been applied directly to the 
payment of the expenses of the inquiries, the results of which 
have been and are to be published in the Reports of the Station. 
And finally, a considerable amount of service has been rendered 
gratuitously. This is notably the case with the bacteriological 
investigations of Prof. Conn which bear so directly upon the 
dairy industry. It is certainly the belief of many friends of the 
Station that its efficiency is doubled by what comes to it outside 
of the government appropriation. 

Abstract research is the necessary foundation of the most use- 
ful knowledge and a large amount of it is being carried on in 
connection with the work of the Station. Partly because we have 
but little completed research of this kind to report now, and 
partly because it is of less interest to practical men, almost none 
is given here. The whole of the contents of the present Report 
have to do with things of everyday interest. And I may add 
that while the subjects reported upon bring less of new conclu- 
sions than have been found in several previous Annual Reports, 
no year in the history of the Station has been marked by so much 
of active and really fruitful work. The following brief statements 
will give an idea of the character of the year’s work. 


IO STORRS AGRICULTURAL EXPERIMENT STATION. 


FIELD EXPERIMENTS WITH FERTILIZERS. 


As in preceding years, these have been conducted upon the 
Station land and by farmers upon their own farms in different: 
parts of the State in codperation with the Station. ‘“‘The object 
aimed at is to study the soils of different regions, learn their de- 
ficiencies, and find how to apply fertilizers so as to meet the needs. 
of particular soils and crops in an economical way.” ‘The results 
of the year’s work are given by Professor Phelps upon pages 119 to 
139 of this Report. Owing to the drought in mid-summer, the 
results’are not so striking as they have been in other years. 

The experiments by Mr. Dean of Lime Rock are particularly 
instructive. They cover a period of five years during which the 
same plots have received the same fertilizers but have borne dif- 
ferent crops in different years. The principal lessons taught are 
summarized by Professor Phelps as foHows: 

‘“(z). The necessity of preparing fertilizers so as to meet the 
needs of soils. . 

‘‘(2). The importance of stocking light, porous soils with a 
large amount of organic nitrogen.in order to supply nitrogen to 
the crop and get the best results from the mineral fertilizers. 

“(3). The value and economy of legumes for improving light, 
porous soils by plowing in as manure. 

“(4). The evidence that soluble phosphates may prove a 
detriment to the crop on certain light soils, unless there is an 
abundance of available nitrogen present in the soil In the 
absence of available nitrogen, the phosphates seem to hasten — 
maturity and thus shorten the life of the plant. Thisis a probable 
explanation of the way the phosphoric acid diminishes the yield.’” 

A summary of the results of fifteen years’ experimenting by 
soil tests with fertilizers on farms throughout New England, was. 
given in Bulletin No. 10 of the Station, and in the Annual Re- 
port for 1892. 


FORAGE PLANTS. 


The question of forage plants for Connecticut farming has. 
been studied by the Station ever since its establishment. Differ- 
ent species and varieties are grown in small areas in the Forage 
Garden, and those which seem to be worthy of special study are 
cultivated on a larger scale. During the past two or three years 
especial attention has been given to the effects of nitrogenous. 
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fertilizers upon the composition of the crop. The results upon 
grasses up to 1892 were given in pages 60-66 of the Report of the 
Station for that year. It is found not only that nitrogenous 
fertilizers increase the total yield of grasses, but also that the per- 
centage of protein in them is larger, so that the value of the crop 
is increased in a two-fold way. 


During 1893 especial attention was given to legumes. This 
work will be repeated and enlarged the coming year, and the re- 
sults are accordingly reserved for later publication. Meanwhile 
it may be said that the experience of the Station serves to em- 
phasize and explain the importance of leguminous plants. The 
statements (See Bulletin 6 of the Station) will bear constant 
repetition, that the legumes are especially valuable because of:— 


1. Their large percentage of protein compounds which serve 
to form blood, muscle, bone and milk, and their consequent feed- 
ing value, which exceeds that of the grasses, corn fodder, corn 
stover, or straws. They may be used to supplement these fod- 
ders, in place of the concentrated nitrogenous feeds, such as bran, 
cotton seed, linseed, and gluten meals, etc. Hay from the 
legumes is twice or more than twice as rich in protein as that 
from the grasses. — 


2. Their power of gathering large quantities of plant food 
from natural sources. Many, if not all of our common legumes 
acquire considerable quantities of nitrogen from the air. Their 
roots penetrate deeply into the subsoil, and they thus obtain plant 
food from depths beyond the reach of plants with smaller root 
development. 


3. Their manurial value. When the crop is fed, most of the 
nitrogen, phosphoric acid, potash and other fertilizing ingredients 
go into-the excrement, liquid and solid, and if preserved, make a 
rich manure. Ifthe crop is plowed under, its plant food, includ- 
ing that acquired from the air and gathered from the subsoil, be- 
comes available for succeeding crops. ‘The large amounts of 
plant food left behind in roots and stubble after the removal of 
the crop, furnish a cheap and valuable store of plant food for fol- 
lowing crops. 

Among the legumes which the experience of the Station leads 
us to commend for trial in the State are clovers, including scarlet 
clover, cow peas, vetch and soy beans. 
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FEEDING EXPERIMENTS WITH SHEEP. 


The object of these has been to observe the effects of different 
kinds of food upon the production of fat and lean flesh in sheep. 
Lambs of the same age and breed and as nearly alike as could be 
obtained, were divided into three groups, numbered one, two and 
three. ‘Those of group three were butchered at the beginning of 

the experiment. ‘The other two groups were fed for three months 
‘upon different rations; group two having a “narrow” ration 
(rich in protein), and group three a ‘‘wide”’ ration (rich in carbo- 
hydrates). The results are given by Messrs. Woods and Phelps 
on pages 28-42 of the present Report. ‘The work is being con- 
tinued during the winter of 1893-4, and the details of the practical 
deductions are reserved for future publication. In general it 
appears that, as was to be expected from experiments elsewhere, 
a reasonably large allowance of protein in the fodder is desirable. 
The results tend to confirm the belief that Connecticut farmers 
need to increase the proportion of nitrogen jn their feeding stuffs. 


DIGESTION EXPERIMENT WITH SHEEP. 


The greatest difficulty in the experiments just referred to on 
feeding sheep with mixed rations was to calculate the amount of 
food actually digested by the animals. In order to overcome this 
difficulty as far as possible, several digestion experiments with 
the same kinds of food were undertaken with animals of the same 
breed, age and weight as those of the feeding experiment. This 
study was begun in the fall of 1893. The results could not be 
made ready for printing in the present Report. They are there- 
fore reserved for later publication. 


BACTERIA IN THE RIPENING OF CREAM. 


During the past six years investigations on the Bacteria of 
Milk have been conducted in behalf of the Station by H. W. 
Conn, Professor of Biology in Wesleyan University.* The 
results of practical trials of artificial cultures upon the ripening 
of cream and other related topics are discussed by Prof. Conn 
upon pages 43-68 of this Report. ‘The principal points are there 
summarized as follows: ioe 





* Some of the results have been given in the publications of the Station, as follows: Bacteria 
in Milk, Cream and Butter, Bulletin 4, and Annual Report for 1889, pp. 52-67. Ripening of 
Cream, Annual Report for 1890, pp. 136-157. A Micrococcus of Bitter Milk, Report for 1891, 
pp. 158-162. The Isolation of Rennet from Bacteria Cultures, Report for 1892, pp. 106-126. 
See also The Fermentations of Milk, Experiment Station Bulletin No. 9 of the Office of 
Experiment Stations of the U.S. Department of Agriculture. 
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1. Different species of bacteria grown in the cream while 
ripening have different effects upon the butter flavor. The dif- 
ferences in the resulting butter aroma are not very prominent in 
most cases, but are decided enough to make the difference 
between a first-class grade of butter and a second-class. 

2. Pasteurizing cream at 70° C. (z.e., heating to 158° Fahren- 
heit for two or three minutes), will so largely destroy the bacteria in 
it, that a pure culture of bacteria subsequently inoculated will pro-. 
duce its proper effects, not materially affected by the few organ- 
isms left in the cream after pasteurization. 

3. Most species of bacteria found in cream of a good cream- 
ery produce good butter. The number which injure the flavor 
of the butter is small. 

4. No one species of those experimented with, when used 
alone for ripening cream, produces a typically flavored butter, 
though many of them produce butter which is excellent in flavor 
and which was preferred to that of the normal ripening. 

One species of bacteria for ripening cream has been furnished 
to three creameries. At the time of the present writing the 
experience with it has covered a period of several weeks in each 
of two, and nearly four months in one, of the creameries, that in 
Cromwell, Conn. The managers report most gratifying results. 
Those with the longest experience are the most enthusiastic. In 
the Cromwell creamery the use of a culture furnished by Prof. 
Conn has greatly improved the quality of the butter. There 
seems to be the best reason to expect that bacteria cultures may 
be made a most important help in butter-making. With the 
right bacteria the finest butter, that with the most desirable 
aroma and flavor, can be made. It ought to become possible 
to select the desirable kinds of bacteria and supply them for use 
and thus improve the quality of our butter, just as our field and 
garden crops and fruits have been improved by selection of the 
best varieties. If experience justifies this expectation the benefit 
to dairying will be very great. 


RATIONS FED TO MILCH COWS IN CONNECTICUT, 


During the winter of 1892-3 a Station representative visited 
sixteen different dairy farms in different parts of the State, and 
studied the methods practiced in the management of their herds. 
Information was obtained regarding:—number of animals kept; 
breed, age and weight of each cow; period of lactation; milk flow 
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at each milking; percentage and weight of fat in milk; weight of — 


each kind of feeding stuff fed per cow per day, and the chemical 
composition of the feeding stuffs. 

A full description of these tests, together with a practical dis- 
cussion of the results is given by Messrs. Woods and Phelps on 
pages 69-115 of this Report. Statements of rations actually fed 
are summarized on pages 103-115, with suggestions of changes 
that might be made and of particular rations for special cases. 

This is only the beginning of an effort by the Station to codpe- 
rate directly with dairymen in the study of the methods of feeding 
their cows and the ways by which improvements may be made. 
The purpose of this work is parallel with that of the codperative 
field experiments by farmers for studying the effects of fertilizers 
upon the crops grown on their own farms. The experiments 
with fertilizers have proven most useful from both the educa- 
tional and the practical standpoints. It is hoped that the work 
on methods of feeding may be equally so. 


FEEDING STUFFS USED IN NEW ENGLAND. 


On pages 140-173 Mr. Woods has summarized briefly the 
results of the analyses of feeding stuffs grown in New England 
and the grains chiefly used for feeding in the same section. He 
has also summarized the results of tests of the digestibility of 
these materials by experiments with animals in Europe and in 
the United States, and has added a short explanation of the 
methods employed in calculating rations. 


ANALYSES OF FEEDING STUFFS. 


A considerable number of feeding stuffs have been analyzed in 
connection with feeding experiments upon the growth of plants. 
The results of 146 analyses, together with brief descriptions of 
the specimens, are given on pages 17-27 of this Report. 


INVESTIGATIONS OF FOODS. ANALYSES OF FOOD MATERIALS 
EXHIBITED AT THE WORLD'S FAIR. 


In connection with the studies of dietaries, a considerable 
number of food materials have been analyzed. The principal 
work in this direction during the past year, however, has been in 
the analyses of foods exhibited at the World’s Fair. 

As a member of the Jury of Awards at the Fair the writer was 

_assigned to the department which included food products, and 
was requested by the Executive Committee on Awards to take 
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«charge of an examination of some of the more interesting and 


important materials there exhibited. This investigation. was 
made in accordance with the purpose of the World’s Columbian 
Commission, which was to make the Fair educational and to 
provide that its influence should continue after the Fair 
itself should end. Probably no other occasion has offered such 
an opportunity for comparison of materials used for the nutrition 
-of man. Certainly none has been so favorable for collecting 
‘specimens of food materials which are most interesting to us in 
the United States. An examination of cereal grains was made 
«under the direction of Professor Wiley, Chemist in the U. S. De- 
partment of Agriculture. The prepared food products as such, 
including especially the animal foods, were assigned to myself. 


By the courtesy of the authorities of the University of Chicago, 
the use of the chemical laboratory-of that institution was given 
for the investigation. In ogder to save the expense of apparatus 
and the time required for preparing it, the trustees of the Storrs 
Station authorized the use of its material for the purpose, and 
more than a ton of packages of apparatus and chemicals was 
‘shipped from Middletown to Chicago and used in the investiga- 
tion. Mr. Woods, the Vice-Director of the Station, assumed for 
a time the immediate charge of the analyses. Messrs. H. B. 
“Gibson, H. M. Smith, F. W. Frost, A. E. Loveland, and H. M. 
Burr, who had been previously connected with the work of the 
Experiment Station or with that of the chemical laboratory of 
Wesleyan University; and Dr. C. F. Langworthy and Mr. E. L. 
Sturtevant, who have since become associated with the chemical 
laboratory, and Mr. O. S. Blakeslee of the physical laboratory, 
accompanied me to Chicago to share in the work. The services 
-of a number of other gentlemen were secured so that, all told, 16 
chemists, representing 12 American and foreign colleges and 
universities, were occupied there for a longer or shorter time 
during the summer. Somewhat over 600 specimens of food 
materials were collected. The analyses were made, so far as 
possible, in Chicago during the Fair. At its close the work was 
transferred to Middletown, where it has been continued with the 
aid of the Station and of Wesleyan University. Analyses of 500 
specimens have been completed and a report of the work is now 
being prepared. The investigation is thus more extensive than 
any previously undertaken. 
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STUDIES. OF DIETARIES. 


These have been of the same general character as those 
described in previous Reports of the Station and are in continu- 
ation of an investigation which is being made by codperation 
with the U. S. Department of Labor. 


INVESTIGATIONS OF THE BOMB CALORIMETER. 


The study of food and nutrition has brought us to a point 
where it is essential to learn the fuel value of food materials, 
or in other words, the amounts of potential energy which they 
contain and which may be changed to heat or the muscular 
power or other form of energy in the body. ‘The apparatus for 
this purpose is called the calorimeter. Investigations with a 
form of calorimeter were described in the Report for 1890. A - 
form which has proven more satisfactory is the so-called bomb 
calorimeter. Hitherto the only satisfactory bomb calorimeter 
has been that of Berthelot, but its great cost, $1,000 or more, 
which is due to the large quantity of platinum required for its 
construction, has prevented its general use. With the aid of 
Prof. Hempel, of Dresden, I have succeeded in obtaining a bomb 
calorimeter which costs not more than $100 or $200, and proves 
quite satisfactory. ‘The effort is now being made to devise one 
which shall be less expensive. 


RESPIRATION CALORIMETER. 


Research upon nutrition has brought us to the point where the 
study of the application of the laws of the conservation of matter 
and of energy in the living organism are essential. That isto say, 
we must be able to determine the balance of income and outgo of 
the body, and this balance must be expressed both in terms of 
matter and of energy. For this purpose a respiration calorimeter 
is being devised. ‘This is an apparatus in which an animal or a 
man may be placed for a number of hours or days and the 
amounts and composition of the food and drink and inhaled air; 
the amounts and composition of the excreta, solid, liquid and 
gaseous; the potential energy of the materials taken into the body 
and given off from it; the quantity of heat radiated from the 
body; and the mechanical equivalent of the muscular work done 
are all to be measured. ‘The experimenting is complicated, costly 
and time-consuming. The results already obtained are, however, 
very encouraging in their promise of future success. 


W. O. ATWATER. 





ANALYSES OF FEEDING STUFFS. ‘oy 


RESULTS OF ANALYSES OF FODDERS AND FEEDING 
STUFES. 7 


BY CHAS d.. WOO DS. 





In connection with the work of the Station, analyses of the 
following miscellaneous feeding stuffs have been made by the 
Station chemists. For the most part the analyses were made in 
connection with feeding experiments or experiments upon the 
growth of plants. In no case were they undertaken merely to 
increase the amount of this class of data. The methods of 
analyses recommended by the Association of Official Chemists 
were employed. 

The results of the analyses as calculated to water content at 
harvest or at the time of analyses are given in table 1, page 21, 


_which follows the description of samples. In this table the ma- 


terials are grouped somewhat according to their water content at 
time of taking samples as follows: Green fodders; silage; field- 
cured hay; cured hay and fodder; grain; and milling products. 
This order is also observed in the descriptions of samples. 

The results calculated to water-free (dry matter) as the basis 
are given in table 2, page 24. 

The potential energy, or fuel value, of a pound of each of the 
feeding stuffs as given in the tables, was obtained by multiplying 
the number of hundredths of a pound of protein and of carbohy- 
drates by 18.6, and the number of hundredths of a pound of fat 
by 42.2, and taking the sum of these three products as the num- 
ber of calories of potential energy in the materials.* 


DESCRIPTION OF SAMPLES. 


In the description of samples the same order of arrangement is 


observed as in table r. 
GREEN FODDERS. 

1218-1221, Oat Grass (Avena elatior),—Grown in grass garden in 1893. 
The sample was taken June 24th, at which time the seeds were beginning to 
form. There was a fair yield of quite pure oat grass. No. 1218 was from a 
plot without fertilizers. No. 1219 was from a plot supplied with dissolved bone- 
black at the rate of 320 pounds per acre, and with muriate of potash at the rate 





* See article on fuel value of feeding stuffs, Report of this Station, 1890, pages 174-181. © 
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of 160 pounds. No, 1220 was froma plot to which ‘‘ mixed minerals” were 
applied as in 1219, and had in addition 160 pounds of nitrate of soda per 
acre. No, 1221 was grown ona plot to which mixed minerals were applied as 
in 1219, and had in addition 480 pounds of nitrate of soda per acre. 

1222-1225, Fescue Grass (Festuca elatior).—Grown in the grass garden of 
the Station in 1893. The samples were taken June 24th, at which time the grass 
was in full bloom, No. 1222 was from a plot without fertilizers. No. 1223 
was from a plot to which there were applied dissolved bone-black at the rate of 
320 pounds per acre and muriate of potash at the rate of 160 pounds. No. 1224 
was grown on a plot to which mixed minerals were applied as in 1223, and had 
in addition 160 pounds of nitrate of soda per acre. No. 1225 was grown on a 
plot to which mixed minerals were applied as in 1221, and had in addition 480 
pounds of nitrate of soda per acre. 

1226-1229, Orchard Grass ( Dactylis glomerata).—Grown in the grass garden 
of the Station in 1893. The samples were taken June 24th, at which time the 
grass was a little past bloom. No. 1226 was grown without the use of fertil- 
izers. No. 1227 was from a plot to which there were applied dissolved bone- 
black at the rate of 320 pounds per acre and muriate of potash at the rate of 160 
pounds. No. 1228 was grown on a plot to which mixed minerals were applied 
as in 1227, and had in addition 160 pounds of nitrate of soda per acre. No. 
1229 was grown on a plot to which mixed minerals were applied as in 1227, and 
had in addition 480 pounds of nitrate of soda. 

1230-1233, Zimothy (Phleum pratense).—Grown in the Station grass garden 
in 1893. The samples were taken July Ist, at which time the grass was in early 
bloom. No. 1230 was grown without the use of fertilizers. No. 1231 was from 


a plot to which there were applied dissolved bone-black at the rate of 320 pounds © 


per acre and muriate of potash at the rate of 160 pounds. No. 1232 was grown 
on a plot to which mixed minerals were applied as in 1231, and had in addition 
160 pounds of nitrate of soda per acre. No. 1223 was grown on a plot to which 
mixed minerals were applied as in 1231, and had in addition 480 pounds of 
nitrate of soda per acre. 

1234-1245, Cow Pea Vines ( Dolichos sinensis ).—Grown in a soil test experi- 
ment on the Station grounds in 1893. Nos. 1234, 1235 and 1236 were from 
plots which received no fertilizers. The plot from which 1237 was taken re- 
ceived nitrate of soda at the rate of 320 pounds per acre; that of 1238, dissolved 
bone-black at the rate of 320 pounds per acre; 1239, muriate of potash at the 
rate of 160 pounds per acre; 1240, 160 pounds of nitrate of soda and 320 pounds 
of dissolved bone-black per acre; 1241, 160 pounds of nitrate of soda and 160 
pounds of muriate of potash per acre; 1242, 320 pounds of dissolved bone-black 
and 160 pounds of muriate of potash; 1243, 160 pounds of nitrate of soda, 320 
pounds of dissolved bone-black, and 160 pounds of muriate of potash per acre. 
No. 1244 was from a plot which received six tons of stable manure and 160 
pounds of dissolved bone-black, and 1245 was from a plot which received six 
tons of stable manure per acre. 

1246-1248, Cow Pea Vines ( Dolichos sinensis). Aa 1246 was grown with- 
out the use of fertilizers. No. 1247 was from a plot to which there were applied 
dissolved bone-black at the rate of 320 pounds per acre, muriate of potash at the 
rate of 160 pounds and nitrate of soda at the rate of 160 pounds. No. 1248 was 
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grown on a plot to which there were applied dissolved bone-black at the rate of 
320 pounds per acre, muriate of potash at the rate of 160 pounds and nitrate of 
soda at the rate of 480 pounds per acre. 

ENSILAGE. 

1115, Corn Lnstlage.—Sample taken in connection with milch cow ration 
No. 1.* Common yellow Canada corn. Good ears picked off before cutting. 

1123, Corn Ensilage.—Sample taken in connection with milch cow ration No. 
2. White southern corn, planted very thick and cut before eating. 

1142, Corn LEnstlage.—Sample taken in connection with milch cow ration 
No. 5. Butler’s early dent corn. Ears picked off before harvesting. 

1183, Corn Ensilage.—Sample taken in connection with milch cow ration 
No. 12. White southern corn. 

FIELD CURED CROPS. 

1249-1261, Hungarian Grass ( Setaria [talica).—Grown by the Station in a 
special nitrogen experiment in 1893. Nos. 1249 and 1250 were grown without 
the use of fertilizers. Nos. 1251 and 1252 were grown upon plots to which were 
applied dissolved bone-black at the rate of 320 pounds per acre and muriate of 
potash at the rate of 160 pounds. Nos. 1253, 1254 and 1255 were grown upon 
plots to which was applied in addition to the mixed minerals of the preceding, 
nitrate of soda at the rate of 160, 320 and 480 pounds per acre. Nos. 1256, 
1257 and 1258 were grown upon plots which had, in addition to the mixed min- 
erals, sulphate of ammonia at the rate of 120, 240 and 360 pounds per acre 
_ respectively. Nos. 1259, 1260 and 1261 were grown upon plots which had, in 
- addition to the mixed minerals, ammonite at the rate of 192, 384 and 576 pounds 
per acre respectively per acre. 

pia epetts tld it Ps5O, 1163, 1168, (2276; 1168. T1g4, 1198, 1205, 1210, 
Mixed Hay.—Samples taken in connection with milch cow rations Nos. 2, 4, 
Bre Lo. Tl. T2253 34, 

1156, Mixed Hay.—Sample taken in connection with milch cow ration No. 8. 
Hay unlike ordinary farm hay, being almost entirely from a large lawn. 

1163, Mixed Hay.—Sample taken in connection with milch cow ration No. g. 
Mostly timothy. ; 

1211, Mixed Hay.—Sample taken in connection with milch cow ration No. 16. 
Poor quality, used cut up with stover. 

1126, Mixed Hay.—Sample taken in connection with milch cow ration No. 2. 
Meadow hay of poor quality. 

1120, Timothy and Red-top Hay.—Sample taken in connection with milch 
cow ration No. I. Rather late cut. 

1132, Zimothy and Red-top Hay.—Sample taken in connection with milch cow 
ration No. 3. Early cut of good quality. 

1162 and 1169, Rowen Hay.—Samples taken in connection with milch cow 
rations Nos. g and Io. 

1178, Rowen Hay.— Used in sheep feeding experiment by the Station. Mostly 
grasses, one-sixth to one-fourth clover, 

1121, Oat Hay.—Sample taken in connection with milch cow ration No. 1. 
Cut in bloom. : 

1149 and 1174, Oat Hay.—Sample taken in connection with milch cow rations 
Nos. 6and 11. In each case the crop was cut for grain, but was used for hay. 





* See article beyond on rations actually fed to milch cows. 
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MILLING PRODUCTS. 

1146, 1158, 1164, 1171, 1186 and 1192, Corn Meal.—From samples taken in 
connection with milch cow rations Nos. 6, 9, 10, II, 12, 13.* 

1181, Corn Meal.—Sample taken in connection with sheep feeding experiment 
by the Station. 

1135, 1155, 1202, 1209 and 1214, Cod Meal.—Corn and cob ground together. 
These samples were taken in connection with milch cow rations Nos. 2, 8, 15, 16 
and 17. No. 1209 consisted of a mixture of twelve bushels of native corn on the 
ear and of four bushels of western corn. 

1116,. 1136, 1154, 1160, 1166, 1173, 1187, 1197; 1203 and “1205. eee 
Bran.—Samples taken in connection with milch cow rations Nos. 1, 4, 8, 9, 10, 
Tiei2, 14:15 anarro. 

1180, Wheat Bran.—Samples taken in connection with sheep feeding experi- 
ment by the Station. 

IIIQ, [122, II4I, 1145, I151, I172, 1193 and 1213, Wheat Middings.— 
These samples were taken in connection with milch cow rations Nos. I, 2, 5, 6, 
Pitt. 13 andr 7: 

1129, Rye Bran.—Sample taken in connection with milch cow ration No. 3. 

1200, Rye Meal.—Sample taken in connection with milch cow ration No. 15. 

1182, Old Process Linseed Meal,—Sample taken in connection with sheep 
feeding experiment by the Station. 

1118 and 1201, Old Process Linseed Meal.—Samples taken in connection wath 
milch cow rations Nos. I and 15. 

I13I, 1134, 1143, 1147, 1157, 1165, 1170, 1184 and 1191, Cotton Seed Meal.— 
Samples taken in connection with milch cow rations Nos. 3, 4, 7, 9, 10, II, 12 
and 13. 

1179, Pea Meal.—Sample taken in connection with sheep feeding experiment 
by the Station. 

1117, 1128 and 1207, Buffalo Gluten Meal. —Samples taken in connection 
with milch cow rations Nos. I, 3 and 16. 

1124, 1140, 1159 and 1196, Chicago Gluten Meal.—Samples taken in connec- 
tion with milch cow rations Nos. 2, 5, 9 and 14. 

1130, Hominy Chop, Hominy Feed, Hominy Meal or Baltimore Meal.—Sam- 
ple taken in connection with milch cow ration No. 3. 

1185, Malt Sprouts.—Sample taken in connection with milch cow ration No. 12. 

1195 and 1204, Oat Feed.—Refuse from oat meal factory. Samples taken in 
connection with milch cow rations Nos. 14 and 15. 

1125 and 1152, Provender (Corn and Oats).—The provender was claimed to 
consist of two-thirds corn and one-third oats, ground together. Samples taken 
in connection with milch cow rations Nos. 2 and 7. 

1189, Sheep Heed.—Sample of the grain and ensilage mixture which was being 
used by Mr. Charles Lyman of Middlefield in the winter of 1892. The mixture 
was made as follows: Corn ensilage, 4000 pounds; bran, 350 pounds; linseed 
meal, 150 pounds; corn, 1000 pounds; ‘pea meal, 1000 pounds. 

1139, Shorts and Skim Milk.—Mr. Edward Atkinson of Boston, in experi- 
menting with the utilization of separator skim milk, evaporated it with wheat 
bran in the proportion of two parts of milk to one of bran by weight. The loss 
from evaporation was such that 16 parts of the mixture gave 7 parts of the feed. 





* See article beyond on rations actually fed to milch cows. 
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Proximate Composition of Fodders and Feeding Stuffs.—Results of 
Analyses Herewith Reported, Calculated to Water Content 
at Time of Taking Sample. 








Nit. Poten- 






























































res KInp.* Water.| T° | Fat. | free | Fiber.) Ash. | tial 
; tein. E ) 

rs a En’gy. 
Green Fodders % % % % % % Calor’s 
. 0 ‘0 0 0 0 0 per lb. 

1218} Avena elatior, - =.4 O&, Qlasec0 ened O0. 1 10,004 11.64 i240 615 

121g} Avena elatior, - 107, 95, | 2e90e TOF Gh14-80'| 13.67 |) .2538 580 

1220| Avena elatior, - > OR OSs tas eee Orn CS. 73-4 2O.7OU! 2050 565 

1221| Avena elatior, - = OS, 70s 4 eG et. Tae 23: SolO.Td |) 2.30 565 

Average, - = 04,041 GikOraiuar) 22.40 bhi. tl) 2.82 1° 580 

1222} Festuca elatior, nil FO;QQ4 W217 p70. 1° 13:44 4.70.58 | 2.06 520 

1223] Festuca elatior, mah FIV2O4 w2t24 Poon as2S TO. 34-4 2,70 515 

1224} Festuca elatior, - | 74.44 | 2.67 ioe) £1,029) 0. 22k. 1,07 455 

1225) Festuca elatior, eet 70, 20 suas RIG. 931. 07: GOs > 1. OF 425 
Wverawe,= » 5) ,--. 79,26.) 2.61-) 5476) 11.85.) 9.51 | 2.02) 478 

1226| Dactylis glomerata, - | 65.33 | 2.89 | 1.23 | 15.50 | 12.61 | 2.44 625 

1227| Dactylis glomerata, - | 65.64 | 2.66 | 1.18 | 15.47] 12.41 | 2.64 615 

1228] Dactylis glomerata, - | 71.77| 3.38 | 1.09 | I11.89| 9.43] 2.44 505 

1229| Dactylis glomerata, - | 76.45 | 3.96 | 1.05 O7h0 127.535) 2.09 425 
‘Average, .-- - - | 69.80) 3.22) Tid (12.99) 10.45) 2.40 | 545 

1230| Phleum pratense, - | 71.32] 2.27 945 4-13.86°)".9.88 |) 1:73 520 

1231| Phleum pratense, - | 72.62| 2.11 PTI Sst Bits, O00 fT. 77 495 

1232| Phleum pratense, - | 73.23] 2.41 MIA T 2. 35") G,55, to T 00 485 

1233} Phleum pratense, - | 74.24 | 3.07 27. 4o| . 6.80. 1,58 470 
Average, (-- .--.1172,00 | 2.4775) 481>\ 12.71) 9.48.) 1.68 |} 495 

1234| Cow pea vines, =F 80,02 | 3.28 ey te ten Cy L2:) = 3.094152. 24 330 

1235| Cow pea vines, Se OZ AS 1 Fe9 7 .65 7 hee ol oie Pale ee ee te 300 

1236, Cow pea vines, THe bn 5b Su .58 8228, 1. 3.904.192 .42 320 

1237| Cow pea vines, mee oa kant tty OR .O1 S50 h 32500151200 305 

1238| Cow pea vines, =o) 82:58) 3,40 ean er 9 35h. 9.73.1 ne 27 S15 

1239) Cow pea vines, mel O4. OT) | 29n10 Ne fiet wOCa a 2.25 12k 270 

1240) Cow pea vines, - | 82.59 | 3.00 509 Bret FAT Vo OG 300 

1241) Cow pea vines, sn O4:62r1--2046 eae 0,03) 3.49.4 1.98 260 

1242| Cow pea vines, =, 9 2:952))4.39 .O1 or a Cl HE BM Me 290 

1243| Cow pea vines, - | 84.55 | 2.78 55 6:59 | 3.44] 2.09 265 

1244| Cow pea vines, Sl Brey oie Ie Be 8, rote 7352) 3,08, |. 2.07 295 

1245| Cow pea vines, HO seOSt, are .60 FeO 9340. Teg 280 

q 1246| Cow pea vines, = 186,074) 3:03 .58 5,30 '|-.3:08 # IOI 235 
1247| Cow pea vines, aru SO.O2il Qos 55 BAG7 ioe Oe Lae 230 

1248| Cow pea vines, ih BOSZS: 1) 2475 63 eA ie fr oY) ae ae 240 

Average, - ~- | 83,53/ 3.08) .60) 7.22} 3.49) 2.08 | 280 

' Ensilage. 

I115| Corn ensilage, wey BO. 1S | TiOT PS3 10.54 | 5.10.5 -1,38 360 

1123} Corn ensilage, aa tate 1 Alga pede eG. 51-1. O: 10.5" F250 a35 

1142| Corn ensilage, BOT RA | 12, 3e ete dy 22619. 10,40 | 2.43 695 
1183} Corn ensilage, - | 83.69 | 1.74 .69 F-68-1 5230 1 “1GO 300 
; I1go| Corn ensilage, - | 83.99 | 1.08 fOFEE 68.80 4.55 .9O'| 205 
Averape =. *-|78.15| 1.68) .77 | 11.78) .6.31! 1.86! 395 


; * For description of samples, see pages 17-19. 
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TABLE 1.—( Continued. ) 














22 
eye Kinp.* Water. ae 
field Cured Hay. 4, 4, 
1249} Hungarian grass, - | 25.15 | 6.05 
1250} Hungarian grass, - | 24.55 | 7.41 
1251| Hungarian grass, - | 34.69] 5.53 
1252| Hungarian grass, - | 31.67] 6.33 
1253| Hungarian grass, - | 29.13] 5.72 
1254) Hungarian grass, - | 30.30] 7.08 
1255| Hungarian grass, - | 34.14] 9.36 
1256| Hungarian grass, - | 30.16] 5.92 
1257| Hungarian grass, - | 33.46] 5.76 
1258) Hungarian grass, - | 34.94| 7.10 
1259} Hungarian grass, - | 33.37] 7.10 
1260| Hungarian grass, - | 32.96| 7.98 
1261| Hungarian grass, - | 34.94| 58.48 
Average, - 31.50| 6,91 
Cured Hay & Dewiere 
1215| Mixed hay and stover,| 18.43] 7.70 
1127| Hay, mixed, - a LALO paste 
1150| Hay, mixed, - - |14.59| 6.14 
1153) Hay, mixed, - ate 273) e700 
1156| Hay, mixed, - - | 12.48 | 10.40 
1163| Hay, mixed, - - | 21.39] 5.94 
1168; Hay, mixed, - - | 12:49 | 9.08 
1176} Hay, mixed, - - | 12.38 | 6.90 
1177; Hay, mixed, - =o) E2ST 0 Uae ea 
1188} Hay, mixed, - REN ec For Rg pray 
1194| Hay, mixed, - - Pb 11:39'} 9.30 
1198} Hay, mixed, - < T6230 4 28.56 
1205| Hay, mixed, - aPC EIBO dey at 
1210) Hay, mixed, - - | 15.94| 7.20 
1211} Hay, mixed, - - | 15.09 | 7.43 
1144| Hay, mixed, - =} 15.52) Si55 
1126} Hay, mixed, - - + .11.89 | -'8.98 
1137| Hay, mixed, - =) D8em4 127793 
Average, 14.30) 8.04 
1120 Timothy and red-top, $2525 77-98 
1132| Timothy and red-top, | 15.30] 5.51 
Average, - - |18.79| 6.62 
1162) Rowen hay, - - | 21.62 | 12.69 
1169; Rowen hay, - - | 15.13 | 12.84 
1178| Rowen hay, - ~ $13.93 4172289 
Average, - - | 16,83) 12.81 
T121| Oat hay, - - =)/ 14.97 1 Bet 
1149} Oat hay, - - - | 14.58 | 5.66 
1174| Oat hay, - - - | 26.86 |. 8.50 
AVeTASC Re demas LOM AL weg 
1133| Corn stover; - =| 18,07 1 dO 
1138] Corn stover, - ~ | 37 86 | “6.28 
1148) Corn stover, - oi 9I alas 403 
1161) Corn stover, - = The TOW) Soggy 
1167} Corn stover, - - | 19.11 | 4.80 
1175| Corn stover, - - | 18.581 4.68 














* For description of samples, see page 109. 

















Mat: 


% 
2.55 
2.43 
1.93 
208 
1.93 
2.33 
2.44 
2.24 
1.84 
2.04 
P48 iF] 
2.28 
2°22 


2.18 


2.84 
2.94 
2.91 
3-30 
2.75 
1.98 
3-33 
2.33 
3.10 
3.80 
2.92 
3.66 
2.09 
Sar 
3.14 
gS 
2.86 
3.30 
2.95 
3-07 
2.96 
3.02 
3-53 
3-41 
3.08 
3.34 
2.63 


‘2°62 


S.4t 
2.95 
2.20 
1.63 
1.58 
erat 
2.05 
170 





Nit.- 
free 
Ext. 





% 
39.68 
Sara0 
23°15 
33.98 
36.44 
34.16 
29.49 
35.06 
32.69 
30.12 
STAT 
30.79 
29.85 
33.45 


41.31 
41.81 
44.81 
45.90 
40.96 
39-49 
43.18 
38.09 
42.32 
43.76 
43.45 
42.76 
47.83 
45.28 
42.97 
38.41 
41.49 
41.52 
42.59 
42.91 
45.28 
44.09 
35.06 
39.86 
39.99 
38.30 
38.21 
43.85 
42.60 
41,55 
41.60 
33.36 
34.20 
42.89 
41.12 
40.24 











Fiber. 


21.95 
22.44 
19.86 
20.60 
PRE 
21113 
19.50 
21.24 
21.05 
20.63 
21.06 
20.87 
19.39 
20.90 


24.34 
27-37 
26.70 
23.99 
27.00 
26.30 
24.83 
34.74 
28.28 
23.81 
26; 32 
23:17 
26.20 
23-45 
25-55 
29.20 
28.63 
Se il © 
26.40 
29.08 
26.81 
27.94 
2IV2t 
22.13 
25.24 
22.86 
29.61 
28.70 
15.10 
24.47 
26-74 
22.60 
23216 
27.48 
27.29 
29.95 











Ash. 


oO Ow WO AS 


ee hee 
ONO ANN 


5.38 
5.20 
5.17 
5-13 
ers 
5.12 


5.06 


5.38 
5.15 
4.85 
5.48 
6.41 
4.90 
7-09 
5.56 
5-41 
6:12 
6.62 
6.46 
4.64 
5-03 
5.82 
5.61 
6515+ 
5-99 
5.72 
4.93 
4.14 
4,54 
5.89 
x 2 


B86 
6.57 
4.39 
3.53 
4,83 
4.84 
4.30 
5.02 
6.65 
5.63 
4-79 











Poten- 
tial 
En’gy. 
Calor’s 
per Ib. 
1370 
1370 
1170 
1240 
1270 
1260 
1185 
1250 
I185 
1160 
1195 
1205 
1165 
1240 


1485 
1550 
1565 
1580 
1575 
1420 
1575 
1580 
1605 
1590 
1595 
1545 
1605 
1545 
1545 
1530 
1595 
1485 
1560 
1615 
1570 
1595 
1430 
1535 
1585 
1515 
1525 
1575 
375 
1490 
1485 
1225 
1220 
1485 
1450 
1470 








: 
4 






































* For description of samples, see page 20. 
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TABLE 1.—( Continued. ) 

Nit.- Poten- 
mo KIND.* Water. Pro. Fat. | free | Fiber.) Ash. | tial 
O. tein, E ; 

xt, Engy, 
Cured Hay and Calor’s 
Posilers & - "4 Z # é per Ib. 

I1g9| Corn stover, - =i) 55 2h Aaremegety 40.35 \ 31.54: 6.394. 111690 
1206] Corn stover, - = TOvGAte SO maste sO ae. 71 h20.02+ |. 6.22 I paso 
1212) Corn stover, - es 27S Ve Ome ees A133 122. 8del, 0193 PT ace 
Average, -- | -/19,78| 5.17} 1.81 | 40.76 | 26.91| 5.57 | 1480 

Milling Products. 

1140) Cornmeal, . - “i L2iik OOsae a aye yl00.) 1.21) Tag (0730 
1158} Corn meal, - «I T.86)) S74 srs on ig 2.7 f HOS | F.62. (1730 
1164} Corn meal, =) Lovee Je Pieced ego, 74 91.53) Les4ai 1700 
Porc orm meal, 9 - =) T9.85, 5 TO:00 paseo gn Obie 0 1sO2)| -T.93.°) 1700 
ZTisi; Corn meal,  - = | 14.00 | 8:80 oud Oeer Gy .04-1, 2.48 | 1/2001 1660 
Pip" Corn meal, . =) 13.908 ( ) Qs30s 05:20 WOerEse. 1:03-) 1,62°) 1695 
£192; Corn meal, = - =i. G20 f OnSOn adage re roe! F. SI) 1.70 ) 1965 
Average, - = +1200) Orhot Oioe weave | 2.601 2.094). 1719 

1135| Cob meal, = ih LLn7G Oreo waarmee nisOL 2.040 Tg ln le rere 
1155| Cob meal, - - | 14.26 | 10.29 | 4.34 | 65.50] 3.60] 2.01 | 1660 
1202} Cob meal, - =v 13,70 f Ss lone Sr 2G hOG. Es 2.20% LeOF ofc 1900 
1209| Cob meal, - a 14055 | Ore 3a) eaee FOO, 7h I. 6 Th Tar |) 167s 
1214) Cob meal, - = 1-15.03 1) 60,02-) 5.054) 00:20:15 3.02), 1:88 11608 
Average, - -/|13,86| 8.85] 4.64 | 68,32) 2.66; 1.67 | 1685 

1116) Wheat bran, - aN TO. 73.) LO.7Onh Aap Oe 53.041) (8205 |) 5.75 | F005 
1136| Wheat bran, - - | 9.06 |} 16.77] 4.80 | 54.96} 8.42 | 5.99 | 1695 
1154| Wheat bran, - = Oot5 | P720G) Pihe2Ou e292.) 10. 10s) 5.397 1 F715 
1160| Wheat bran, - sit OsGl) ) be Ono eae SOs eh OrtOOro7 i. Se7F Mer 7200 
1166| Wheat bran, - - | 9.28) 17.69} 4.80 | 54.53 | 8.08 | 5.62 | 1695 
1173| Wheat bran, - - | 9.48 | 16.01 | 4.80 | 54.53] 9.73] 5.45 | 1695 
1180} Wheat bran, - = O.00 | TOs1O4 8,000) 62.007 1T2 70: )" 5.24 | 1996 
1187} Wheat bran, - ei h.00 La 76s OSU Se SF 'LeO.35.|5.93°) 1730 
1197| Wheat bran, - ih GEL 1S, Ober A-Olersoy4o 0179 A183.) yr9 
1203| Wheat bran, - - | 10.56] 18.06 | 4.80 | 55.35 | 6.65 | 4.58 | 1695 
1208| Wheat bran, - PLE. Soo Pood wae Pe eek L MOn eh. 5.On PF TOG 
Average, - -/| 9,68/ 16.82} 5.02 | 54.56) 8.56) 5.36 | 1700 

1119} Wheat middlings, - | 11.11 | 17.72] 6.07 | 49.70] 10.22 5.18 | 1700 
1122} Wheat middlings, - | 9.31 | 15.64| 5.25 | 53.41 | 10.33 | 6.06 | 1700 
PtAviev Heat middings, =< | .9.30)| 21.47 |-4.9% | 56:71 |. 4.65 | - 3.87.) 1730 
1145| Wheat middlings, - | 11.95 | 19.10] 6.04 | 51.82] 6.50] 4.59 | 1695 
1151} Wheat middlings, - | 9.17 | 20.44] 6.53 | 54.08] 5.36! 4.42 | 1760 
i172) Wheatmiddilings, - | 10,19 | 19.14) °5.77 | 53.83 | 6.32 |. 4.75 | 1720 
1193) Wheat middlings, - | 9.49] 19.69] 5.50 | 52.98] 7.31} 5.03 | 1720 
T2's Wheat middiings, - | 14,16} 16.90 | 4.01 | 57.45 | 3.741) 3.14 | 1645 
Average, - -/|10,60/ 18.75) 5.59 | 58.62) 6.81) 4.63 | 1710 

1118} Linseed meal, - Ode Y S27 S eee ee ete aio. 2Q |) STA0 LTR 
1182| Linseed meal, - - | 9.90 | 34.69] 5.80 | 39.73 | 4.08] 5.80 | 1705 
1201| Linseed meal, - ay OO 16°09 hi geap i sie5o | 741 | 5.50 1 1755 
Meeioger ee | 9,00 hao. TO take a..o0 1.0.00) 0.07.1 LT45 

Toot) otlon seed meal, %-"] 9.20 | 42:03 1.9.05" 1.27.72 | 6.037) 6.98 | 810 
E14) Coun, Seed meal, -2 i): 7.51.) Ad-75-1)) 9.52 [20.41 | 4.57 | -7.24/1-1810 
1143] Cotton seed meal, - | 6.97 | 44.48 | 14.00 | 24.84 | 2.78] 6.93 | 1930 
1147| Cotton seed meal, - 7.02 At ION LA Lonves. Ay | 1.88 17.05 | tgi0 
157) Cotton seed meal) - | 16.25 | 42.93 } 14072.) 15.59 | 2.8% | 7.05 | 1765 


} 




















24 STORRS AGRICULTURAL EXPERIMENT STATION. 
TABLE*1.—( Continued. ) 
Nit.~ Poten- 
ra Krnp.* Water.| P™°-| wat. | free | Fiber.| Ash. | tial 
O. tein. Ext. é Eng’y, 
PS lor’s - 
Milling Prod.--(Con.)|  % % fo to % fo ee Hs 
1165| Cotton seed meal, - | 6.48 | 42.68 | 11.47 | 28.09 | 3.68 | 7.60 | 1870 
1170| Cotton seed meal, - 5:37 | 148,06.) 11.76 | 32,294 93:20) Stopes 
1184| Cotton seed meal, - | 6.52] 44.00] 10.00 | 28.79 | 3.60] 7.09 | 1845 
I1g1| Cotton seed meal, - | 5.29 | 42.86 | 13.86 | 27.66 | 2.35 | 7.98 | I940 
Average, - -| 7.70] 48.73) 12.06 | 26.81| 3.44] 6.76 ; 1875 
1179) Pea meal, - 21 -11,02'} 26,69 | ‘1.50 | 53:93 1 3.28 |) 3:50 ie 
1117; Gluten meal, - - | 8.44 | 24.16 | 11.90] 49:21 | 5.32 -97 | 1965 
1128} Gluten meal, - Sis Bee yi Ee ead kp Lol aie ny uy nae 77a 36 
1207| Gluten meal, - 9.60 | 11.81 | 13.92 | 57.73 | 5-69] 1.25 | 1985 
1124| Gluten meal, - - | g.10 | 38.58] 4.74] 45.14 | 1.59 85 | 1785 
1140| Gluten meal, - --| °7,.17'| 26.05 | 11.59 | 49.81.) 4:197 "1.19 1 d0ee 
1159] Gluten meal, - - 7 4A | 34014) TALOF AIO eed -76 | 2055 
1196} Gluten meal, - - 7.71) 30.05 1 £3:55. 1-40.02 0.2.07 60 | 2025 
Average, - - | 8.86 | 26.95 | 11.47 | 48.53 | 3.78 91 | 1960 
1130} Hominy chop, - | 9.64 | 10.79 | 8.21 | 64.331 4.45) 2.59 | a aes 
1185} Malt sprouts, - - | 10.21 | 25.09] 2.04 | 44.10] 12.31 | 6.25 | 1600 
1195! Oat feed, - | 6.61} 17,05 |. 8.43°) 60507 14.25 1s aera neyo 
1204) Oat feed, - - |. 7555 | 16.93 |, 8.37) 57.00] 5.98) 4.177) sleae 
Average, - - | 7,08: 16.99} 8.40) 68.54 | 6.11) 3:88) 1855 
1125| Corn and oats, - | .9,92.}.11.20| 4.39 | 66.89 1-°5.20 1 2.340) ae 
1152) Corn and oats, - | 10.63 | 9.83 | 4.48 | 70.28 | 2.43] 2.35 | 1725 
Average, - - | 10,28 | 10.51} 4.43 | 68.59) 3.84] 2.85 | 1730 
1120) Rye bran, . - - 4) T2151 15.72 1.12.82 | 63.15 4 53.004" 3520 tee 
1200) Rye meal, . “1 £24 BIO7 1 (1.9241 F4lit (aoe cee 
1189) Sheep feed, - 48.16%) B.42sol.97 1 32,087) 96/004 eee 965 
1139| Shorts and skim rail g.14.| 22.94 | 4.68 | 49.45 | 7.60] 6.19 | 1685 
TABLE 2. 





















































Proximate Composition of Fodders and Feeding Stuffs.—Results of 
Analyses Herewith Reported, Calculated to Water-free 


Substance (Dry Matter ). 





Lab. 
No. 


1218 
1219 
1220 
TD2t 


1222 
1223 
1224 
1225 


1226 
sey Bs 


KIND.* 


Green Fodders. 


Avena elatior, 
Avena elatior, 
Avena elatior, 
Avena elatior, 
Average, 


Festuca elatior, 
Festuca elatior, 
Festuca elatior, 
Festuca elatior, 


Average, 


Dactylis glomerata, 
-Dactylis glomerata, 





Pro- 
tein. 





% 
7.68 
7:42 

FO.32 
13.74 
9.89 
7-47 
7-76 
10.44 
14.11 
9.94 
8.30 
7:73 


* For description of samples, see pages 17-20. 











Fat. 


3.13 
See: 
3-53 
3.64 
3.35 
2.63 
2.85 
2.66 
3-25 
2.85 





3.56 
3-45 


Nit.- 
free 
Ext. 


% 





47.11 | 3 


45.90 
44.23 


42.80 | 


45.01 
46.32 
46.04 
43.13 
41.02 
44.13 
44.71 
45-01 











Ash. 





% 
7.06 
7-39 
707 
7.30 
7,22 
FikO 
7-31 
jigs 
8.33 
1.62 
7.05 
7.68 





Poten- 
tial 
En’gy. 


Calor’s 
per lb. 
1800 
1795 
I81o 
T1805 
1805 
1790 
1790 
1780 
1785 
1785 
1815 
1800 


Lab. 
No. 


1228 
1229. 


1230| 
1231 
1232 
1233 


1234 
1235 
12360 
1237) 
1238 
1239 
1240) 
I241| 
1242) 
1243) 
1244 
1245, 
1246 
1247 
1248 





III5 
1123 
1142 
1183 
1190 





[249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
1258 
1259 
1260 
1261 


I215 
T1237 
II50 
1153 
1156 





1163 
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TABLE 2.—( Continued. ) 











KIND.* 


Green Fodders.—( Con. ) 
Dactylis glomerata,. - - 
Dactylis glomerata, - - 

Average, - - - 
Phleum pratense, - - 
Phleum pratense, - - 
Phleum pratense, - - 
Phleum pratense, - 2 

Average, - - - 
Cow pea vines, - - - 
Cow pea vines, - - : 
Cow pea vines, - . : 
Cow pea vines, - - - 
Cow pea vines, - - - 
Cow pea vines, - - - 
Cow pea vines, - . - 
Cow pea vines, - - - 
Cow pea vines, - SEs 
Cow pea vines, - - . 
Cow pea vines, - aaa ne 
Cow pea vines, - - - 
Cow pea vines, - : 
Cow pea vines, - ? - 
Cow pea vines, - - : 

Average, - - - 

Lustlage. 

Corn ensilage, - - - 
Corn ensilage, - - - 
Corn ensilage, - - - 
Corn ensilage, - - “ 
Corn ensilage,_ - - - 

Average, : - 

Richi Cured flay. 

Hungarian grass, - - 
Hungarian grass, - = 
Hungarian grass, - - 
Hungarian grass, - - 
Hungarian grass, = - 
Hungarian grass, . 
Hungarian grass, - - 
Hungarian grass, > = 





Hungarian grass, - - | 


Hungarian grass, > - 
Hungarian grass, - - 
Hungarian grass, - - 
Hungarian pane - - 
Average, fe 
Cured [Hay ant udders. 
Mixed hay and stover, - 
Hay, mixed, - e ¢ 
Hay, mixed, - - - 
Hay, mixed, - * - 
Hay, mixed, ~ - - 
Hay, mixed)... '- - - 





Pro- 
tein. 





% 


11.97 
16.80 
11,20 

7:92 

7-72 

5.99 
II.93 

9,14 
a 
19.21 
18.83 
17.02 
18.94 
19.76 
17324 
16.01 
19.88 
18.02 
FOuL 
18.08 
21.73 
21.06 
20.02 


18.81 


9.63 
7-19 
6.06 
10.69 
6.75 
8,06 


8.09 
g.82 
8.48 
9.26 
8.07 
10.16 
14.21 
8.48 
8.66 
10.92 
10.65 
II.g0 
13.04 
10.14 


9.44 
9.13 
7:19 
8.81 
11.88 


7.56 





Fat, 





% 
3.86 


4.45 
3.83 


DOH HWM OL 


COOL DPW WWW Lo 
CW HAT W UO OH 


4.20 
2.89 
2.90 
4.27 
4.16 
3.68 


3.41 
3.22 
2.96 
2.98 
2.73 
3-35 
ee 
Ze 
a°90 
3.13 
3.26 
3.40 
Bat 
3.19 


3.48 
3.46 
3.41 
3.83 
3-15 





2.52 


* For description of samples, see pages 18 and 19. 


Nit. - 
free 
Ext. 
to 
42.08 
38.64 
42.61 
48.31 
47-95 
46.27 
44.58 
46.77 
47.50 
44.03 
44.17 
48.59 
45.23 
42.77 
47.21 
45.06 
41.06 
42.65 
43.80 
44.49 
38.50 
37.88 
40.44 
43,56 


53.17 
50.97 
57.69 
40.48 
55-03 
52.68 


53.00 
50.65 
50.79 
49-73 
51,40 
49.01 
44.78 
50.20 
49.12 
46.29 
46.77 
45.93 
45.88 
48,74 


50.64 
49.16 
52.46 
53.20 
46.79 
50.22 











25 





Fiber. 





33.42 
31.23 
34.29 
34.44 
35.06 
35.78 
34.39 
34,92 
19.95 
20.06 
21.02 
‘19.86 
20.22 
20.31 
19.91 
22.60 
22.53 
22,24 
21.40 
21:42 
21.92 
23.06 
23.06 
21,30 


26.06 
33.04 
27.04 
32.48 
28.39 
29.40 


25532 
29.74 
30.40 
30.14 
39.95 
30.31 
29.60 
30.40 
31.64 
317k 
31.61 
31.14 
29.80 
30.51 


29.84 
32.19 
27.20 
27.3% 
30.85 
33-46 








Ash. 

















Poten- 
tial 
En’gy. 
Calor’s 
per lb. 
1795 
1805 
1805 
1825 
1805 
1810 
1820 
1815 
1735 
1705 
1695 
1735 
1710 
1690 
1720 
1705 
1705 
1695 
1720 
1720 
1705 
1700 
1745 
1712 


1830 
1820 
I8Io 
1850 
1855 
1835 


1825 
1815 
1795 
1785 
1795 
1810 
1805 
1790 
1780 
1785 
1795 
1800 
1795 
1800 


1820 
1830 
1835 
1830 
1800 
1800 
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TABLE 2.—( Continued. ) 





Lab. 
No. 


1168 
1176 
1177 
1188 
T194 
T198 
1205 
1210 
I2II 
I144 
1126 
1137 





II20 
1132 


1162 
1169 
1178 


FESE 
1149 
1174 


1133 
1138 
1148 
1161 
1167 
1175 


1199 
1206 


I2T2 


1146 
1158 
1164 
i ed 
1181 
1186 
1192 


1135 
1155 
1202) 
1209| 
1214 


II16 
1136 
TI54 
1160 








KINnpD.* 





Cured Hay, etc.—( Con.) 
Hay, mixed, 
Hay, mixed, 
Hay, mixed, 
Hay, mixed, 
Hay, mixed, 
Hay, mixed, 
Hay, mixed, 
Hay, mixed, 
Hay, mixed, 
Hay, mixed, 
Hay, mixed, 


Hay, mixed, 
Average, 


Timothy and red- top | 
Timothy and red-top 


Average, 
Rowen hay, 
Rowen hay, 
Rowen hay, 

Average, 
Oatihay,- s= 
Oat hay, - 
Oat hay, - 

Average, 
Corn stover, 


Corn stover, 
Corn stover, 
Corn stover, 


Corn stover, 
Corn stover, 
Corn stover, 
Corn stover, 
Corn stover, 
Average, 


Milling Products. 


Corn meal, 
Corn meal, 
Corn meal, 
Corn meal, 
Corn meal, 
Corn meal, 
Corn meal, 
Average, 
Cob meal, - 
Cob meal, - 
Cob meal, - 
Cob meal, - 
Cob meal, - 
Average, 


Wheat bran, 
Wheat bran, 
Wheat bran, 
Wheat bran, 





* For description of samples, see pages 19 and 20. 


| tein. 





| 10.38 


| 10.12 








Pro- 





% 


7.88 
9-94 
10.69 
10.50 


8.44 
8.56 
8.75 
Tost 
10.19 
g.00 
9.36 
8.81 
6.50 
7.65 
16.19 
15.13 
14.94 
15,42 
9.63 
6.63 
1263 
9,29 
5.56 
g.18 
6.75 
7-63 
5.94 
5-75 
5.06 
4.69 
8.25 
6,54 





ThiIg 
9.63 
8.88 

11.634 

10.31 

10.88 

10.81 

10.48 

10.00 

12.00 
9-38 | 
9.63 

10.38 

10.28 | 

18.81 | 

18.44 

18.75 | 

17.25 | 





Fat. 





SQ 


On oun om Ui BO ND NN DAW WH WD WHO Ao 
Cow © O OW OC OMMU HH OONTIN O OW OH 


Spf cit aes aoe mente elk wg Men hatin ted Tone ag lars Be 


5.04 


6.12 
5.18 
5.73 
4.59 
6.03 
5-35 
5-95 
5.40 
5.28 
5.28 
5.81 
4.75 











Nit 


free 
Ext. 


% 


49.33 
43-47 
48.18 
50.43 
49.02 
50.54 
54.23 
53.87 
50.60 
45.40 
47.09 
50.97 
aed 
48.91 
53.46 
51.18 
44.73 
46.97 
46.36 
46.02 
44.82 
51.32 
58.24 
51.46 
50.78 
48.95 
49.85 





| 50.51 
| 50.83 


49.42 
ee! 
51223 
52.79 
50.73 


80.73 
81.80 
81.59 
77.48 
79-55 
79.21 
80.14 
80.07 
80.47 
76.38 
80.10 
81.60 
77-90 
79.29 
60.42 
60.43 
58.37 
61.92 





Fiber. 





2339 
39.65 
32.19 
27-44 
29-70 
27-39 
29.70 
27.90 
30.09 
34.56 
32.49 
28.63 
30.80 
33-15 
31.66 
32.41 
27.06 
26.07 
29.25 
27.46 
34-74 
33.60 
20.64 
29.66 
35.07 
33.17 
33-77 
32.37 
33-74 
36.79 
33.70 
34.81 
28.29 


33. 60 


1.36 
Tae 
21% 
1.88 
2.90 
1.90 
2.00 
1.89 
a30 
4.20 
2.62 
1.77 
3.50 
3.09 
9.02 
9.26 
II.14 


9.78 











SLE Ie eae ie eee 
OODODHTOHONDAD 
FOO NAOH DY OO 


1.68 
1.84 
1 Pike) 


£2.24 


1.48 
1.89 
1.87 
1.83 
1.61 
2.35 
1.87 
1.65 
B25 
1.94 
6.47 
6.59 
5-93 
6.30 








Poten- 
tial 
En’gy. 


Calor’s 


per Ib. 
1800 
1805 
1830 
1835 
1800 
1820 
1820 
1835 
1820 
1815 
1810 
1820 
1820 
1840 
1850 
1845 
1825 
1I8to 
1835 
1825 
1790 
1845 
1880 
1835 
1815 
1800 
1780 
1755 
1790 
1805 
1790 
1765 
1770 
1785 


1945 
1955 
1960 
1980 
1970 
1970 
1950 
1960 
1940 
1935 


1965 ~ 


1960 
1960 
1950 
1865 
1865 
1885 
1860 


. 


1189 


Lab. 
No. 


1166 
1173 
1180, 
1187| 
T1Q7 
1203 
1208 


TIIg 
1122 
II4I 
1145 
II5I 

EY72 
1193) 
1213 


I118 
1182 
I201 


1131 
1134 
1143 
1147 


1157 
1165 


1170; 
1184 
1IgI 


I179 
ita 
1128 
1207 
1124 
II4o 
II59 
1196 





1130 
1185). 


1195 
1204 


II25 
II52 


1129 
1200 





1139 
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TABLE 2.—( Continued. ) 
Pp Nit.- Poten- 
Kinp.* rein, | Fat. | free | Fiber.| Ash. | tial 
ah Ext. En’gy. 
Milling Products.—( Con.) % to fo % % Peas 
Wheat bran, - - Hosa S20 | OOP LO-|) 8.91.) 6.207 1840 
Wheat bran, - - - | 17.69] 5.30 | 60.24 | 10.75 | 6.02 | 1875 
Wheat bran, - - - | 17.69} 6.55 | 57.14 | 12.86] 5.76 | 1910 
Wheat bran, - - =Hh1O.25)556.22-1-61.38 | 10.29) 5.80 | 4895 
Wheat bran, - : - | 19.82 | 5.40 | 62.07| 7.40] 5.3I | 1890 
Wheat bran, - = 24} 20.504 5,37 | 61.88%) 7.44 | 5.52 | 1895 
Wheat bran, - ‘ - | 20.50] 5.91 | 60.48] 7.40] 5.71 | 1890 
Average, - - -=|18,68) 5.56) 60.40) 9.48} 5.98 | 1880 
Wheat middlings, - - | 19.94] 6.83 | 55.90| I1.50| 5.83 | Igto 
Wheat middlings, - - | 17.25 | 5.79 | 58.88 | 11.39 | 6.69 | 1875 
Wheat middlings, - - | 23.69 | 5.42 | 61.48 | 5.14] 4.27 | 1910 
Wheat middlings, - - | 21.69 | 6.86 | 58.86 | 7.38] 5.21 | 1925 
Wheat middlings, - - | 22.50] 7.19 | 59.54] 5.90| 4.87 | 1940 
Wheat middlings, - - | 21.31 | 6.42] 59.94| 7.04] 5-29 | I910 
Wheat middlings, - - | 21.75 | 6.08 | 58.53] 8.08] 5.56 | 1900 
Wheat middlings, . - | 19.69 | 5.38 | 66.91 | 4.36| 3.66 | 1920 
Average, - -  - | 20,98} 6.25} 60.00; 7.60| 5.17 | 1910 
Linseed meal, - - - | 36.56| 9.80 | 38.35 | 9.26] 6.03 | 1980 
Linseed meal, - - - | 38.50] 6.44] 44.09| 4.53] 6.44 | 1890 
Linseed meal, - - - | 20.63 | 8.14] 56.97] 8.19| 6.07 | 1935 
Average, - - -|81.89| 8.18|46.47| 7.83| 6.18 | 1935 
Cotton seed meal, - ° - | 46.31 | 9.76] 29.90| 6.50] 7.53 | rgQ50 
Cotton seed meal, - - | 48.38 | 10.30 | 28.55 | 4.94] 7.83 | 1960 
Cotton seed meal, - - | 47.81 | 15.05 | 26.70| 2.99] 7-45 | 2080 
Cotton seed meal, - - | 46.75 | 15.36 | 27.57| 2.04] 8.28 | 2070 
Cotton seed meal, - =" 51.38 17.50 | 18.02 > 3.36-)) 9.13 4. 2105 
Cotton seed meal, - - | 45.63 | 12.26 | 30.03 | 3.95 | 8.13 | 2000 
Cotton seed meal, £ - | 48.25 | 12:43 134.06 | 3.44} 1.82 | 2120 
Cotton seed meal, - =| 47307 |p 8Os72:1'30-78:|) 3.85 |-7.58 | 1970 
Cotton seed meal, - - | 45.25 | 14.603 | 29.20} 2.49] 8.43 | 2045 
Average, shale.) to Bb 7. 404el orem eaa.co-). 0,10, (21:00 |. 2086 
Pea meal, - . - ~' + 30.00, |) ~5,68 | 60.61 | 3.69:| 4.02 | 1895 
Gluten meal, - - - | 26.38 | 13.00 | 53.74] 5.82] 1.06 | 2150 
Gluten meal, - - - | 19 56| 10.54 | 61.15 | 7.91 -84 | 2090 
Gluten meal, = - - | 13.06 | 15.40 | 63.86| 6.29] 1.39 | 2200 
Gluten meal, - . a= 42-44 W252 Fah 40:00: |. 5.75 -O4 | 1965 
Gluten meal, - - 4 - | 28.06 | 12.48 | 53.65 | 4.52] 1.29 | 2130 
Gluten meal, - we) =f 97,00 ee 1OL2 34a Sd. 1.40 .83 | 2225 
Gluten meal, - - - | 39.06 | 14.68 | 44.33 | 1.27 .66 | 2195 
Average, - - - | 29,86 | 12.51 | 52.99) 4,14} 1.00 | 9185 
Hominy chop, - - - | 11.94] 9.09 | 71.19| 4.92] 2.86 | 2025 
Malt sprouts, - - a WerG4 te.egeAQ. LE T3977. 10:97). $788 
Oat feed, - - - - | 18.25 | 9.03 | 64.31 | 4.56] 3.85 | 2000 
Oat feed, \- “ - - | 18.31 | 9.06 | 61.64 | 6.47] 4.52 | 1990 
Average, - - - | 18,28) 9.04) 62,98) 5.51; 4.19 | 1995 
Corn and oats, - . - | 12.44| 4.87| 74.25 | 5.84] 2.60 | 1925 
Corn and oats, - - - | 11.00] 5.01 | 78.64] 2.72 | 2.63 | 1930 
Average, - =) = P1172) 4.94.) 76.44 | 4.28] 2.62 | 1930 
Rye bran, - - - > ROG aebOule 7.07 |, (4-39) 13-071), 1870 
Rye meal, - - - ~ 10.25 1.97 |-04.61-} *1:70 |). 1.47 |. 1880 
Sheep feed, - - - | 16.25 | 3.42 | 63.03 | 12.90] 4.40 | 1860 
Shorts and skim milk, - | 25.25 | 5.15 | 54.42] 8.37) 6.81 | 1855 



































* For description of samples, see pages 19-24. 


28 STORRS AGRICULTURAL EXPERIMENT STATION, 


FEEDING EXPERIMENT WITH SHEEP. 


BY CHAS, D. WOODS AND C. S$. PHELPS: 





The experiment was undertaken in order to observe the effects 
of different kinds of food. upon the chemical composition of the 
flesh of sheep. 

PLAN OF THE EXPERIMENT. 


The plan consisted in selecting a number of sheep of the same 
breed and age, and as nearly alike as possible, and dividing them 
into three groups. One group was to be butchered at the 
beginning of the experiment and the flesh analyzed. The results 
of the weighings and analysis of this group would serve to in- 
dicate more or less accurately the condition of the other animals 
at the beginning of the experiment. The two other groups were 
to be fed differently, one upon a wide ration (relatively deficient 
in protein), the other upon a narrow ration® (relatively rich in 
protein). At the end of the experiment the animals were to be 
all butchered and as complete analysis of the flesh made as should 
seem advisable. 


DETAILS OF THE EXPERIMENT. 


Early in December, 1892, 12 grade Shropshire wethers of the 
preceding spring were purchased for the experiment. They 
were bred and raised in Vermont, and had been at pasture very 
nearly up to the time of purchase by the Station. They were in 
average condition as regards fatness. Soon after the animals 
were received at the Station they were divided into two lots of 
about uniform total weights. The sheep were all closely sheared 
lec. 10. December 29 one animal was selected from each lot 
for immediate slaughter and analysis. Each of the ten remaining 
animals was placed in a pen by itself, though the grouping was 
kept up as before. At this date (Dec. 29) five animals (Nos. 
3-7) in the group which were intended to be fed the ‘“ wide 





* In order that a ration may be complete there must be enough digestible protein in the food 
to build new tissues (bone, muscle, wool, etc.) and repair the wastes of the body, and sufficient 
digestible fat and carbohydrates to furnish heat and muscular energy. If the sum of the 
digestible carbohydrates and two anda half times the digestible fat of a ration is divided by 
the amount of digestible protein in the ration, the quotient gives what is called the nutritive 
ratio. If the quantities of digestible fat and carbohydrates are large relative to the protein 
this number will be large, and the ration is called a ‘‘wide ration;’’ if the quantities of 
digestible fat and carbohydrates are relatively small the quotient is a small number and the 
ration is a ‘‘narrow’’ one. A ration where the nutritive ratio is much more than 1: 6 is called 
a ‘‘wide ration;’’ if much less, it is called a ‘‘ narrow ration.’’ ‘‘ Wide rations’’ are more 
common among American feeders than are ‘‘ narrow ”’ ones. 
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ration” weighed 362 pounds, and the five animals (Nos. 8-12) 
which were to be fed the ‘“‘narrow”’ ration weighed 361 pounds. 
The first week after the separation of the animals there were 
quite marked differences in their apparent growth. One animal 
in each group gained, but on the whole the animals lost in 
weight so that on January 5th, when the feeding experiment 
actually began, the animals of the wide ration group (Nos. 3-7) 
weighed 356% pounds, and those of the narrow ration group 
(Nos. 8-12) weighed 355 pounds. 

The two animals (Nos. 1 and 2) which had been selected for 
slaughter at the commencement of the experiment were kept 
together until Jan. 5, when they were butchered. In the mean- 
time they had also changed in weight. December 29 No. 1 
weighed 73 pounds, and on Jan. 5th, when butchered, it weighed 
74 pounds, and No. 2, which weighed 72 pounds on Dec. 29, 
had decreased in weight to 69 pounds on Jan. 5. 

By this arrangement the group slaughtered at the beginning of 
the actual experiment consisted of two animals, while the two 
groups which were fed had five each. It would have been more 
satisfactory to slaughter and analyze five for the measure of the 
amount and composition of the flesh at the beginning, but the 
pressure of work at the time made so large a number of weigh- 
ings and analyses difficult, and furthermore the whole experiment 
was regarded as preliminary to more extended series of trials 
and one of its objects was to get experience; hence the smaller 
number was taken. The figures in the following tabulation in- 
dicate that the average weights of the animals of the three groups 
at the beginning of the actual experiment, January 5th, were 
nearly the same. 

Average Weights of Sheep of Different Groups at Beginning and 
Lind of Preliminary Pertod of One Week. 

















SLAUGHTERED. FED. 
Two Sh Wide Ration. Narrow Ration. 
N bite Pa Five Sheep. Five Sheep. 
PE Deas Nantes Nos. 3-7. Nos. 8-12. 
December 29th, 72.5 lbs. 72.4 |bs. 92 2b, 
January 5th, 71.5 1DSs 71.3 Ibs. 71.0 lbs. 
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The actual feeding experiment continued until March 2gth, 
eighty-four days. 

It should be explained that as the animals were kept in separate 
pens they were more or less restive. One was very much so, as 
stated beyond, and it seems probable that with this animal at 
any rate, the result of the experiment was affected by the nervous 
condition of the animal. 


KINDS AND AMOUNTS OF FOOD. 


The animals in the wide ration group, Nos. 3 to 7, were fed a 


ration of hay, turnips and corn meal. ‘Those of the narrow ration - 


group, Nos. 8 to 12, were fed rowen hay with a grain mixture of 


linseed meal, pea meal, wheat bran and corn meal. The rations 


fed each animal are shown in table 3. In each group the grain 
ration at the end of five weeks was increased by a half pound per 
animal. The total weight of feed, exclusive of the turnips, was 
the same in each group, 4 pounds per day per animal for the first 
five weeks and 4% pounds per day per animal for the remaining 
eight weeks. 


TABLE 3. 


Kinds and Amounts of food Furnished Lach Animal in Sheep 
feeding L:xperiment of 1803. 






























































Fed from Jan.|Fed from Feb. dig vn 
5 to Feb. 9,| 10 to Marchlon o @ 
inclusive (36| 29, inclusive BS te 
Kinp oF Foon. aay): (48 days). 15 ue 
Te ee 
Each Total Each oiled rie) 2 
os in 36 day in 48 ae 
" | days. * | days. je 
Sheep Nos. 3-7.— Wide Ration. Ozs. | Lbs. | Ozs. | Lbs. | Lbs. 
Corn meal, - - - - - - 16 36 24 72 108 
Hay, - - - - - - - 32 72 32 96 168 
Turnips, = - - - - - 24 54 24 72 126 
72 162 80 | 240 402 
Sheep Nos. 8-12.—Narrow Ration. 
Linseed meal, - - - - - 2 4.5 4 pe i 16.5 
Pea meal, - - - - - - 6 13.5| 12 36 49.5, 
Wheat bran, - - - - - 4 9 4 12 21 
Corn meal, - - - - - - 4 9 4 12 aI 
Rowen hay, - - - “ - - 39 72 20 96 168 
48 -| 108 56 168 276 
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PERCENTAGE COMPOSITION OF FEEDING STUFFS USED. 


Samples of the grain and hay fed in the experiment were taken 
from time to time, and from these samples smaller sub-samples 
were obtained at the end of the experiment for the purpose of 
analysis. The uneaten residues of food of each animal were 
carefully collected each day and weighed. The uneaten residues 
of each group were kept by themselves, and at the end of the 
experiment samples of each were taken for analysis. ‘The per- 
centage composition of the feeding stuffs and of the uneaten 
residues are shown in table 4, which follows. 


TABLE 4. 


Percentage Composition of Feeding Stuffs Used and of Uneaten 


Residues tn Sheep Feeding Experiment of 1893." 









































Lab Pro- Nit.- : 
N ‘| KIND OF FEEDING STUFF. |Water. : Fat. | free | Fiber.; Ash. 
Oo. tein. Ext. 
fo % ho ho fh. ho 

1182} Linseed meal, - - - | 9.90 | 34.69 | 5.80 | 39.73] 4.08] 5.80 
1179| Pea meal, - ~ - a | E121) 26,00 laine O, 953.93 | 13228-3558 
1180| Wheat bran, - - = | QrOG a TOs TOnn ts Onl 52/00: |. TL. 70 ok: 24 
1181} Corn meal, - - - =) TA. OO) oS 7o0cie 4.02.1 67.941! -2)48- 1 vr 26 
1177| Hay, - - - - =| D2; TOMer a rtas Gute 442,32) 28.28) Sak 
1178! Rowen hay, - - = NL 3y'75 keg 4.3.06) | 39.09) 25:24 10. 5.07 

Turnips,+ - : - We OO. LOnmnd. TOnn SO. iT. 30ubr Ti 20.) 2100) 

Uneaten Residues. 

1217| From wide ration, - = bP 5QiS9 ped eOOde Ingle 19.1 3.).12; 2047 2.92 
1216| From narrow ration, - =. FOL. 20 7.00 fol, OSi 17,4400" 0. 27 ea ee 














* For composition calculated on water-free basis, see pages 25-27, this Report. 
+ Not analyzed. Averages of four analyses of New England grown ruta-bagas. 


The amount of digestible nutrients was calculated by using 
the following factors (digestion co-efficients) : 























CARBOHYDRATES, 

Protein. Fat. Nitrogen- iS 

Hree Extract, 5 

% ho fo fo 
Linseed meal, - - e : got o4t g6t 93t 
Pea meal, - : - “ . 83* ag 94* 26* 
WihestBran, i oats 78* 73° 66% 33+ 
Corn meal, = b . 76* got ay” 58+ 
Hay (good quality), - : - 54” 54* 63* 55" 
Rowen hay, “ 3 = 62+ 46+ 67+ 64t 
Turnips,  - - oe - - 84* dhe 95* 80* 








* From American digestion experiments. 
+ From German digestion experiments. 
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Table 5 gives the rations fed and the total and digestible 
nutrients in the food. In the case of the wide ration the turnips 
are not included in this table. The sheep differed very much in 
the way in which they ate turnips. Only one or two of..the ani- 
mals ate them very well, the others eating only a small part of 
the quantity fed. Each day the turnips uneaten were weighed 
so that at the end it was possible to tell exactly what weight of 
turnips was eaten by each animal. ‘These weights will be found 
in table 6 with the other details of the experiment. 


TABLE 5. 
Rations Fed. Total Nutrients and Digestible Nutrients tn Rations 
Used in Sheep Feeding Experiment of 1803. 



























































- TOTAL NUTRIENTS IN | DIGESTIBLE Nu- 
00 Foon. , TRIENTS, 
Ais fl * 
KIND OF Foop. = ae ¢ aes . 6 o 
SP PE Sol Oe ao oa 
oe} oO = 
ES Ee eee 
Sheep 3-7.— Wide Ration. | Lbs. ‘Lbs. | Lbs. | Lbs. | Lbs. | Lbs. |Lbs.| Lbs. 
Cornmeal, - - ~ | 108.0 |.-9.5 4.5.3: 73994 92-7 | LP. Bc ee 
Hay, - - - - 108.0 | 14.7 | 5.2). 7E.2 47:5 | “7.0.2.0 | agen 
Turnips,t = - - - — — | — a —}—}-}] as 
Total in corn meal and | 
hay for 84 days, - ~ 1,296.0} 24,2 | 10}5-] 344.4 1.50.25) 19: boy 7. gen gee 
Sheep 8-12.—Narrow . 
Ration. 
Linseed meal, - - 16:50 S891 2E.0 6.5 ay eat | 9 6.9 
Pea meal, - - - AG St 3.2 7S 9659 1 T6711 ore eee 
Wheat bran, - - - 21.0) 43.4 } also) 10. Goa 8 aie eee 8.0 
Corn meal, ~- - ~ 21g Yc Ool ante ane alae BY Fag 0G eee 
Rowen hay, - - - 168:0:) 2720-1 3.5.24) 6750) 424199323) Donte oe 
Total fed, - - = 1296.0 745.9 Ql 1285. Saas 1039 ee ea eee ee 








* The carbohydrates include the digestible fiber and nitrogen-free extract. 
+ See under each animal in table 6, which follows. 


Table 6 shows the total and digestible nutrients actually eaten 
by each animal through the whole period, and also the averages 
for each day. The total nutrients and the digestible nutrients 
furnished in grain and hay are taken from table 5. ‘The total 
and digestible nutrients in the uneaten residue of grain and hay 
are subtracted from these weights in the case of each animal. 
The remainders show the total and digestible nutrients furnished 
by grain and hay which were actually eaten. In the case of the 
wide ration group, Nos. 3-7, varying quantities of turnips were 
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_ eaten, and the total and digestible nutrients in the turnips eaten 


have been added to those of the grain and hay actually eaten. 
This sum gives the total eaten in the eighty-four days that the 
experiment lasted. Dividing the totals by eighty-four gives the 
averages per day. 

The uneaten residues consisted of the coarser and less digest- 
ible portions of the hay, together with some grain. ‘The grain 
would be more digestible than the hay, but the rejected por- 
tions of the hay were much less digestible than the whole hay, 
consequently it was thought that it would not be far from the 
truth to assume the same digestion co-efficients for the uneaten 
residues as for the hay used in the experiments. 

Of course the estimates of amounts of digestible nutrients, 
which are based upon averages of experiments elsewhere, are 
merely estimates and must be taken for what they are worth. 
In experiments now being made (winter of 1893-4) the digesti- 
bility of the feeding stuffs is being tested by direct experiments 
with sheep. ; 

Since the digestion co-efficients are estimated rather than 
actually determined, the error introduced in estimating the di- 
gestibility of the uneaten residues is less significant. 


Table 7, on page 36, summarizes the total and digestible nutri- 
ents eaten by the sheep in this experiment. Wolff’s (German) stand- 
ard for fattening sheep calls fora ration, per 100 pounds live weight, 
of .30 pounds of digestible protein and sufficient digestible fat 
and carbohydrates to make the total energy (fuel value) equal to 
3,520 Calories, with a nutritive ratio of 1 to 5.5. The average of 
II experiments with 122 animals, conducted in experiment stations 
in five states in the United States, gives a ration, per too pounds 
of live weight, of .27 of a pound of digestible protein with suffi- 
cient digestible fat and carbohydrates to furnish 3,560 calories of 
energy with a nutritive ratio of 1 to 6.1. The total energy (fuel 
value) of each of the rations in the experiments here reported 
upon differs but little from either of the above. In the case of 
the wide ration the protein is considerably below the standard 
and the narrow ration is very much above the average as found 
in other sheep feeding experiments. It will be noticed that the 
narrow ration is narrower than the average of the American 
rations above cited, and that in the case of the wide ration, it is a 
good deal wider. 
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TABLE 6. 


Lstimated Total and Digestible Nutrients tn Food Eaten by Each 
Animal in Sheep Peeding Experiment of 180}. 
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WIDE RATION. 
Sheep No. 3. 


Furnished in grain and hay, 
Uneaten residue of grain 
and hay (32.3 lbs.), - 
Faten:— 
In grain and hay, - - 
In turnips (67.6 lbs.), —- 


Total eaten in 84 days, - 
Average per day, pi 


eo Sheep No. 4. 


Furnished in grain and hay, 
Uneaten, residue of grain 
and hay (7.3 lbs.), - 


Eaten:— 
In grain and hay, - - 
In turnips (78.7 lbs.),_—- 


Total eaten in 84 days, : 
Average per day, - - 
Sheep No. 5. 


Furnished in grain and hay, 
Uneaten residue of grain 
and hay (51.1 Ibs.), = 


Eaten:— 
In grain and hay, - - 
In turnips (23 lbs.), - 


Total eaten in 84 days, : 
Average per day, - - 
Sheep No. 6. 


Furnished in grain and hay, 
Uneaten residue of grain 
and hay (32.5 lbs.), - 


Faten:— 
In grain and hay, - - 
In turnips (23.1 lbs.), —- 


Total eaten in 84 days, - 
Average per day, - - 











TOTAL NUTRIENTS. 





Pro- 
tein. 





Lbs. 
24.2 


1-5 

















21,0 





22.0 


| 262 


24.2 


1.5 





22.7 
.2 





22.9 
1278 





Fat; 





Lbs. 























10.5 





LORL 





LOat 


. 120 





INite= 
free 
Ext; 


Lbs. 





144.4 
6.2 





P3002 
4.9 





143.1 
1.704 


144.4 


I.4 





143.0 
5.7 





148.7 
eas (89, 


144.4 


9.8 





134.6 
I.7 





136.3 
1.623 





i38°2 

1 
139.9 
1.665 














Fiber. 





Lbs. 


50.2 

















44.1 
625 


50.2 


4.0 





46.2 
2 











46.4 
652 


DIGESTIBLE NU- 


Pros 
tein. 


Lbs. 








18.3 
2 





















































TRIENTS. 
* 
Carbo- 
Fat. hy- 
drates. 
Lbs. Eps 
77.) Tatas 
Hee 6.1 
13 1 2So 
2 t2 
Te] iT Siss 
.092 | 1.563 
y Bg babe ee deh o 
oo 1.4 
7.60) 134.8 
“2 5.6 
730 ae Tacs 
093 | 1.671 
TT eee 
4 9.6 
7.3 - ri zor 
— 1.6 
7-3 Bae 
.087 | 1,526 
7-7} 430-2 
oa 6.1 
73.50 sh eee 
— z.G 





18.5), 7.5) alek 3 bee 
.220) .089 | 1.568 


* The carbohydrates include both the digestible fiber and nitrogen-free extract. 
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TABLE 6,—/( Continued. ) 











DIGESTIBLE NU- 





TOTAL NUTRIENTS. TRIENTS. 
Nit | Care 
it.- arbo- 
FIO; Haterpatree,- |. Fiber, ue Fat. | hy- 
tein. tein. 
Ext. drates. 























WivE RaTIon.—( Con.) | Lbs, | Lbs. | Lbs. | Lbs. | Lbs.} Lbs. | Lbs. 
Sheep No. 7. 


Furnished in grain and hay, | 24.2 | 10.5 | 144.4| 50.2 | 19.1] 7.7 | 136.2 
Uneaten residue of grain 












































and hay (26.1 lbs.), - 1.2 2a 5.0 3.2 ny £3 4.9 
Eaten :— 

In grain and hay, - at) 23:07 |) TO, gulls ace 47.0-1 18.4 7.4 R15 ne 

In turnips (124.8 lbs.), - I4 4 g.1 Ege 1:2 3 9.8 
Total eaten in 84 days, =} 24.4. TOO igeesuders | 10.0.7. 7 VIA 
Average per day, ee = F290) 1 2Gee76G oft ade |. 092 191,680 

NARROW RATION. 
Sheep No. 8. 


Furnished in grain and hay, | 45.7 ava Ienaeeed pep 33.5) Vie SoS ORC 
Uneaten residue of grain 























and hay (34.3 Ibs.), - 2.9 4 6.0 gees 1.7 p- 6.1 
Total eaten in 84 days, - | 43.0 ee TIGR AAS 3LLS 5.9 TS 
_ Average per day, ~ - | .612 ) .104 | 1,429) .580 | 879) .063 | 1.415 
Sheep No. 9. 


Furnished in grain and hay, | 45.7 Qi i256 ee Ago 33.6 | 5.5 | res 6 
Uneaten residue of grain 


























and hay (18.3 lbs.), - 1.5 2 3:2 177 9 aE rere: 
Total eaten in 84 days, - | 44.2 Si) 122700 VAG, On: 32.06 5 5.4. |) F208 
Average per day, - -| 026} 106 | 1.462) .648 | .888;} ,064 | 1.450 


Sheep No. ro. 


Furnished in grain and hay, | 45.7 Gl 12S. 2 Ae Se kes TORS 
Uneaten residue of grain 











and hay (0.4 lbs.), - - PSN crs 2) — — — I 
Total eaten in 84 days, - | 45.6 GLa E2504 7.7 W335) 1 55h YF 2de9 
Average perday, - -| .643 | .108 | 1.488| .568 | 399) .065 | 1.487 

Sheep No. 11. 


Furnished in grain and hay, | 45.7 Gripiteste eases 494, 5) 6.8) | 12520 
Uneaten residue of grain 























and hay (26.1 Ibs.), Aes We Wo ee 4.5 aie tee A 4.5 
Total eaten in 84 days, - | 43.7 Boa teOr me aes 82.36 Bed Hh T2035 
Average per day, a= | 680°) 106 12.467 )-',669 |.086 | 064 | 1.485 

Sheep No. 12. 


Furnished in grain and hay, | 45.7 9.1 LOR ae A Peel 3325 (2 Se. x L550 
Uneaten residue of grain 






































and hay (2.2 lbs.), - - I}; — 4 2 Il. 4 
Total eaten in 84 days, = ae. Ot ac Len 124.8 Pg at CG 0, A a a 
Average per day, - - | ,648 | .108 | 1.486} .566 | .898) .065 | 1.484 





* The carbohydrates include both the digestible fiber and nitrogen-free extract. 
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TABLE 7. 
Average of Total and Digestible Nutrients Eaten Daily by Each 


Animal in Sheep Feeding Experiment of 1593. Lstimated 
per 100 Pounds Live Weight. Summary. 
























































TOTAL NUTRIENTS EATEN. DIGESTIBLE NUTRIENTS. 
o | Ge g om Ke) S 
co oid bid = es 
SHEE Sete “nike 22) ¢ | Sola 
NUMBER.. i 2 5 8 E =5| ‘o = at o | "a |; 
Om | Be eee) Cad ee 
oa 6 Sack ed 5 e op 
Z f° 5 |Z [aR 
Wide Ration. \\V.bs.| Lbs.'| Lbs. | Lbs. Cal. | Lbs.) Lbs.aebs: pons eee 
NO; 63; - | .279 | .123 | 1.704 |,.560'| — |:.225 1.002) °1. 5630); ames | 
No. 4, - | .299 | .126 | 1.770] .§89 | — | .232 | .093 | 1.671 | —s)0=— 
No. 5, - | .262] .117 | 1.623} .525 | — | .214| .087| 1.526 | — | — 
No. 56, - .273 | .120 | 1.665 | .552| — | .220] .089 | 1.568 | — | — 
Nox .7, - .290 | .126 | 1.768 | .577 | — | .233 | .0g2 | 1.680 | — | — 
Narrow Rat'n. 
Wo..8) - | .512]|.104 | 1.419} .530]} —.|.379 | .063 |] 1.415 | — |) == 
No. 9g, - .526 | .106 | 1.452] .548 | — | .388] .064/ 1.450} — | — 
No. 10, - | .543 | .108 | 1.488 .568 | — | .399 | .065 | 1.43877) aye 
NOL. - | .520] .105 | 1.437 | .539| — | .385 | .064] 1.435 | — | — 
No. 12, - |.543].108 | 1.486 | .566| — | .398 | .065 | 1.484); — | — 
Average, 8-12, | 68 |.11 | 1.46 | .55 |5190).89 | .06 | 1.45 | 4.1) 8680 











Stand’rd R’ins 














per 100 lbs. 
Live Weight. 
German, - —|— — — |}— |.30 | .05 "| 1.52 | 5.5} 3620 
American, - — — — — — |.27 |.00.) 1.44 34 Octeiee soo 


* Carbohydrates include both fiber and nitrogen-free extract. 
RESULTS OF THE EXPERIMENTS, 


At the end of the experiment March 2oth, the animals were 
all sheared and the weight of the wool was taken. On March 
30th the animals were all butchered, weighed and the meat was 
sent to the laboratory at Middletown for analysis. 

The statistics at the time of butchering are given in table 
8, on the opposite page, together with the weights at the 
beginning of the experiment. Animals 1 and 2 had been 
butchered January 5th. From the weights of the animals 
at the beginning and at. the end of the experiment it will be 
seen that there was an increase in live weight, exclusive of the 
increase in weight due to growth of wool, varying from 14 to 
314%4 pounds per animal, that the average of the wide ration 
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_ group was an increase of 20.8 pounds in live weight and of the 
narrow ration group there was an increase of 24.3 pounds per 
animal. If the weights of the fleece grown during the experi- 
ment are added to the above weights, there was an average in- 
crease of 23 pounds per animal in the wide ration group and of 
26% pounds per animal in the narrow ration group. © 


TABLE 8. 


Sheep Feeding Experiment, 1893. Statistics of Animals. All 
Preceding Spring Wethers. 







































































LIVE WEIGHT. WEIGHT OF ORGANS, ETC. = ii 
OP ald ne 2 a 3 
mri tee he. S| 2. | = 4 Details (uc 5, a ba 
No. Gist et | Oo | 00 2, 4 Rana ae so 
ee ea Oo La. ol gy = ics lll a= = bp 
Reet eo | ee i 0 RD OS a ea eat = 
ae) os | g2] & RIM) 2 | os 
+ al vo G an 
< < co a > 
see ibs. 4)" abs: |) Lbs. 7) Lbea2 bibs. Lbs. Lbs.) Lbs.) obs: 
I 74.0) — — 31.0 1) 65° 2,084. .45 | 22 | > — — 
tae 69.0 — — 30.0 ,OOFher-Ol 50.20 f° —— mo 
Average, | 71.5, — — | 80.5; .58) 105|.47).21; — — 
x [ | 
= | 3 6675 =-85.0. 1) 18.5 | 42.1 OUon beso ee 50) 7.22 | 1.41 |. 2.80 
val ee Ga107) 4-06.04 30:0 | (42/51 VI/0g4lmie 92) 50:| 197) 1.00 | 2:16 
84 5 Biba SOLS) 4 »ES.O,| 4128 DA rigs lego wie 50y| a1 0))1 1.441 |- 2/28 
8 | 6 TF iO) 14.0 | 44.2 (Od REE po toe Soe 2O | 1.28) ) T2aT 
> yr, Tee SOts 1. 2010-1) 6015-4 FOOTIE, FaSOFL. 5OU-.19 PAl.Or || 2,00 
: | Pern los) 2Oeul 20,0 | 24:2.) 060) 1.40 9 1064), .201 1.41.) 2.16 
at 
KL 
aii 
1. 8 GG, seis) 5. 19:0.) 44.9 Teel See wes a 26 Verst |) 2-00 
2 | 9 GSaesayesr | 27. 5.| 42.5 1 5.60 421366 Hee ail 20 | 6.47": 1.75 
S 4 10 Bo ulO3.6 of 31.54) 49,0° | 1-03 ssl a7 2 es 50 120) by, Be28 45 1.94 
seh ae Baek eG baR | 22.0, 1 44.5 Od IEA ERO 127) laEeSO | :2200 
ie bee Tee tIOm One 27.50) 4S 4 lelOo tOQ um O heey [31.63 | 2.91 
S| Ave.| 711 | 96.4; 24.3 | 46. {03/1 d.bS oh.064" 25) 1,39-| 2.24 
= 
RL 

















* Omitted from averages. 


The average live weight of the animals (see table 8 above) 1 
and 2, which were selected for analysis at the start, was practi- 
cally the same as that of the average of each of the groups 
(71.3 and 71.1 pounds). The average dressed weight of 1 
and 2 was 30.5 pounds. The average dressed weight of the 
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wide ration group was 44.2 pounds and that of the narrow ration 
group was 46.1 pounds. If it is assumed that the animals at the 
start were all similar to 1 and 2, there would be an average in- 
crease of 13.7 pounds of dressed weight in the wide ration group 
and of 15.5 pounds in the narrow ration group. 

The average weights of the lungs were practically the same in 
the wide ration group as in the narrow ration group, but it will 
be noticed that the lungs weighed nearly twice as much in the 
animals butchered at the end of the experiment as in those 
butchered at the beginning. 

There was also a decided increase in the weight of the liver in 
both groups over that of the sheep butchered at the start. The 
average weight of the livers in 1 and 2 was 1.05 pounds, and in 
the wide and narrow ration groups 1.49 pounds and 1.58 pounds 
respectively. 

There was also an increase in the weight of the heart and 
casing. ‘The heart of 1 and 2 weighing .47 pounds and the wide 
and narrow ration groups each averaging .56 pounds | 

The weights of the kidneys in the two animals butchered at the 
beginning and in those of the wide ration group at the end were 
practically the same. In the narrow ration group there was an 
average increase of .o5 pounds or one-fourth of the entire weight 
of the kidneys. One important function of the kidneys is to ex- 
crete the nitrogenous portions of the food in the form of urea and 
other compounds. ‘The wide ration group had a small quantity 
of protein (nitrogenous substance) in the ration and hence had a 
smal] amount of nitrogen to eliminate. The narrow ration group 
had an excess of protein and hence much nitrogen to dispose of. 
In this case, as was to be expected, the organ that was called 
upon to perform the extra work was developed so as to adapt 
itself to the demands upon it. 

The animals slaughtered at the beginning of the experiment 
had practically no fat upon the intestines. The animals of each 
group (with the exception of No. 9) gave an average develop- 
ment of about 1.4 pounds intestinal fat, there being, with the ex- 
ception noted, very little difference in the averages of the two 
groups. . 

Sheep No. g is omitted from this average and from those 
of the two following tables as the results are so very differ- 
ent from those of the other four animals of the same group. 
This sheep never became reconciled to the solitary confinement 
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of the experiment and was always uneasy. Several times he 
succeeded in jumping out of the pen. ‘To the nervous condition 
of the animal and his active habit, the difference found in the 
analytical results can doubtless be attributed. The principal 
difference between the composition of the flesh of No. 9 and that 
of the others of the narrow ration group is in the weight of fat 
developed, both in the flesh and in the portions of the body 
about the kidneys and intestines, where clear fat usually accumu- 
lates in greater or less quantity. 

With the exception of sheep No. 9g there is very little difference 
in the growth of wool. On the whole the animals of the narrow 
ration group grew a little better fleece than the others did. The 
weights as given are for the wool as sheared and _ without 
cleansing. | 


TABLE 9. 


Summary of Rations Fed and Averages of Digestible Nutrients Eaten 
and Gain in Live and Dressed Weights Per Animal. 
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*36 pounds eaten. ‘1.6 poundseaten. 42.6 pounds eaten. 


Table 9 above gives a summary of the grain and hay 
actually fed per animal -in this experiment, together with the 
digestible nutrients actually eaten and the gain in live and 
dressed weights. ‘There are also given the weights of food and 
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digestible nutrients which were eaten on the average per animal 
to produce a gain of one pound in the live and dressed weights. 


CHEMICAL COMPOSITION OF THE FLESH. 


~As stated above, analyses were made of the flesh of the animals. 
In each case the right side was used for analysis. The flesh of 
the entire side was carefully separated from the bones and then 
finely cut in a sausage machine. After thoroughly mixing, a 
small sample was selected and prepared for analysis in the usual 
way.“ The results of the analysis calculated both on water-free 
(dry matter) and fresh substance, (flesh) are given in the table (10) 
which follows. As explained on p. 38, sheep ey g is omitted 
from the averages. 


‘PARLEX IO: 


Percentage Composition of Flesh, Edible Portion, of Animals tn 
hens feeding SI He He Loe 3. 







































































ihe, ATED ON CALCULATED TO WATER 

L WATER-FREE BASIS. CONTENT OF FLESH. 

ab. 
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+ Omitted from averages. 


In table 11 there are given the weights of the nutrients, etc., 
in the flesh of each animal of the experiment. 
the last five columns were obtained by multiplying the weight 
of flesh (edible portion) by the percentage composition of the 


The figures in 


* For methods of analysis of meats, see Report of this Station for 1891, pp. 47-49. 
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animals as given in table 10. Sheep No. 9 was omitted from the 
averages for reasons given on page 38. 


CAS Ear, 
Weights of Flesh, Refuse, and Nutrients in Flesh of Animals in 
Sheep Feeding Experiment of 1893. 
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* Omitted from average. 
The following table points out the difference in the composition 
of the flesh: 


Changes tn Composition of Flesh, with Different Rations. (In- 
creasé, +. Decrease, —). 
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Lixperiment, 
Wide ration, - - - |—6.4|+7.0 | —o.6 | —1I.0 | —2.3 | +3.5 | —o.2 
Narrow ration, e Re deo a 5-4) 0.6 1 4-0.5)).-> 2.2" | $F. 9 |: 0.2 
Increase of narrow over 
wide ration, A - | +1.6 | —1.6 | +0.0 | +1.5 | +0.1 | —1.6/} --o.0 
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In the dry matter (water-free substance) of flesh there was in 
each group an increase in the fat and a corresponding decrease 
in protein and ash. These differences were greater in the wide 
ration group, as the last line of the table points out. 

The chief differences in composition between the different 
groups when calculated to fresh substance of flesh, are still due 
to the fat. One of the facts brought out very early in our study 
of the composition of animal foods was that water and fat to a 
very great extent replace each other. ‘This is strikingly shown 
in the composition of the flesh of the animals of the wide and 
narrow rations. The protein is nearly the same in each, while 
the flesh of the narrow ration animals contains 1.5 pounds per 
Ioo more water, and 1.6 pounds per too less fat than that of the 
wide ration group. : 

The average differences in composition are pointed out in the 
following table: 


Changes in Weights of Nutrients, with Different Rations. 
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The gain in the weight of flesh was enough greater in the ani- 
mals of the narrow ration group to very nearly compensate for 
the lower percentage of fat, so that the weight of fat was nearly 
as great in this group as in the wide ration group. The 
increase in dry matter, water and protein was to have been ex- 
pected from the percentage composition. 

The work is being continued during the present winter 


(1893-4) and practical conclusions are reserved. 
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V. THE RIPENING OF CREAM BY ARTIFICIAL CULTURES OF 
BACTERIA, 


Experiments upon artificial ripening of cream are not new. It 
was Professor Storch of Copenhagen (Mzlchzettung, 1890, p. 304) 
who first called attention of bacteriologists to the subject by 
using artificial cultures of bacteria for the purpose and showing 
that while some species produced an excellent aroma in the but- 
ter, others produced butter of very inferior quality. Others have 
followed this lead, especially Weigmann (Landw. Woch. Schles- 
wig-Lolstein, 1890, pp. 551 and 869) and Adametz and Wilckens 
(Landw. Jahrb., 1892, p. 131) and artificial cultures for this pur- 
pose have for some time been furnished to creameries in Europe 
and to aslight extent in this country. The exact effect upon 
butter of the numerous species of bacteria which are liable to 
occur in cream is too little known from these experiments. 
Storch and Weigmann were endeavoring to find a proper species 
for the purpose and have given us too few details concerning: 
other species. Adametz and Wilckens gave more detailed 
accounts of several species but there is still little known of the 
effect of the great bulk of milk bacteria. 

In this country very little knowledge of these general facts is 
found among dairymen. For the purpose of giving a wide in- 
formation upon the subject, the Office of Experiment Stations at 
Washington requested me to prepare an exhibit illustrating some 
of these facts forthe Columbian Exposition. In preparing for 
this exhibition a large number of experiments have been per- 
formed upon the ripening of cream by the aid of artificial cul- 
tures of different species of bacteria. These experiments are 
somewhat novel in their character and unlike any that have been 





*During the past six years investigations on the Bacteria of Milk have been conducted in 
behalf of the Station by H. W. Conn, Professor of Biology in Wesleyan University. Some of 
the results have been given in the publications of the Station, as foliows: Bacterza in Milk, 
Cream, and Butter, Bulletin 4, and. Annual Report for 1889, pp. 52-67. Ripening of Cream, 
Annual Report for 1890, pp. 136-157. A Micrococcus of Bitter Milk, Report for 1891, 
pp. 158-162. The [solation of Rennet from Bacteria Cultures, Report for 1892, pp. 106-126. 
See also The Mermentations of Milk, Experiment Station Bulletin No. 9 of the Office of the 
Experiment Station of the U. 5. Department of Agriculture. 
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as yet carried on in any bacteriological laboratory. The results, 
while aimed especially at preparing a proper exhibit for the 
Columbian Fair, have, at the same time, been of great interest to 
the practice of butter making, both scientifically and practically. 
For this reason it is thought well to give at the present time the 
methods of these experiments and the general summary of the 
results, especially as they add considerably to our knowledge of 
the relation of different species of organisms to the matter of 
butter making. ; 

The first object of the experiments was to find certain species 
of bacteria whose use in the ripening of cream would produce a 
marked effect upon the aroma of the butter. It was desired to 
obtain one or more species whose agency would produce a 
pleasantly flavored butter, and one or more whose agency, under 
identical conditions, would produce an unpleasantly flavored but- 
ter. For this purpose I have experimented with a large number 
of species of bacteria. ‘The species used in the experiments were 
mostly obtained from ripened cream. Visits were made to the 
Cromwell creamery, the Ellington creamery, and the Wapping 
creamery in this State. From the vats of ripened cream ready 
for churning which were found in the creameries at the time of 


the visit, an inoculation was made into gelatine, roll cultures . 


made therefrom immediately, and these roll cultures were brought 
home and left in the laboratory for the bacteria to develop. At 
the end of two or three days the roll cultures showed the presence 
of numerous bacteria, and the organisms of the different colonies 
were isolated from the cultures in the ordinary manner. The 
species of bacteria were then put through a series of plate cul- 
tures in order to purify them, and lastly, carried through a series 
of cultures in various media for the purpose of determining their 
specific characters. The species thus obtained were numbered, 
inoculated into agar tubes and kept for further experiment. In 
addition to the bacteria thus obtained a few species were used 
which had been isolated from the water of a brook in this vicinity. 
The reason for this additional source for bacteria cultures is 
found in the fact that most of the species of bacteria isolated 
from the cream failed to produce as striking effects upon the 
butter as was desired for the exhibit of the Columbian Fair, and 
it was thought that organisms of a different sort might be made 
valuable for this purpose. The species finally chosen for demon- 
stration at Chicago were, however, all obtained from cream. 
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Having thus obtained a number of species of bacteria, between 
thirty and forty in all, the experiments with ripening cream 
were performed as follows:* Four quarts of milk were obtained 
daily from a milk dealer and the milk was passed through the 
centrifugal machine. ‘The cream obtained each day was about 
one pint. It was divided at once into two lots of half a pint 
each and each lot placed in a sterilized fruit can. y,The cream 
was now put into a pail of water and the water heated by steam 
until the temperature of the cream reached 69° or 70°C. (158°F.) 
This temperature was continued for five or ten minutes and then 
the cream, closed from the air, was set aside to cool, or cooled 
under the water tap. After cooling it was ready for inoculation 
and ripening. 

In heating the cream up to the temperature of 70°C. (158°F.) as 
above explained, it was not expected that the cream was sterilized. 
On the contrary it is well known from many experiments, that such 
a temperature leaves many bacteria in the cream, especially in 
the form of spores. Nevertheless, this method, which is gener- 
ally known as pasteurization, does so reduce the number of 
bacteria that it was thought to be satisfactory for purposes of our 
experiment. There would be left in the milk some spores which 
would germinate somewhat slowly, but only a small number of 
active bacteria would be present. It was assumed that if to such 
cream a sufficient quantity of the bacteria of experiment was 
added in culture, these bacteria being present in such quantities 
in the cream, would grow rapidly and produce their own effect 
upon the cream, independent, or nearly independent, of the nor- 
mal species that chanced to remain after the sterilization. It is, 
of course, understood that the experiment would be more rigidly 
correct if the cream could have been sterilized. That, however, 
was an impossibility, because sterilization, requiring a tempera- 
ture of at least 100°, also produces in the cream the taste of 
boiled milk, and that taste is carried over into the butter and 
produces a flavor in the butter entirely foreign to normal butter. 
In one or two experiments of this sort that were performed, the 
taste of the boiled milk was so much more prominent than any 
other flavor, that the influence of the bacteria of the experiment 
was entirely obliterated (see experiment 74). The only other 
method of absolutely sterilizing the cream would have been to 


* 





* These experiments were carried out by Mr. William M. Esten, who also had charge of the 
exhibit at the Columbian Exposition. 
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heat it to 70° for five or six days in succession, and this 
process is so long and tedious that it was found to be practi- 
cally impossible under the conditions of the experiment. More- 
over, as the experiments continued, it became evident that the 
expectation that pasteurization so far destroyed bacteria as to 
render the experiments successful, was plainly realized. ‘Tests. 
were frequently made by comparing the pasteurized cream with- 
out inoculation, with pasteurized cream after inoculation, both 
lots being ripened for the same length of time at the same 
temperature. In all such experiments it was found that the 
uninoculated pasteurized cream was practically unripened at the 
end of the experiment, while the inoculated cream showed a very 
marked ripening, due to the bacteria inoculated. This was true 
only when moderate temperatures were used. Ata temperature 
of 35°C.(95°F.) the pasteurized cream became over-ripened. More- 
over, it was found that the experiments in general were uniform 
in their results. The same species of bacteria inoculated into 
the pasteurized cream gave, in all cases, under similar condi- 
tions, the same results. This, of course, would not have been 
expected had the few bacteria which chanced to be left in the 
sterilized cream had any marked effect. As will be seen later 
some irregularities were probably due to this unavoidable error. 
The control experiments which were occasionally performed in 
this way, gave us evidence enough that the method adopted, 
while not rigidly exact, was sufficiently exact for proper conclu- 
sions to be drawn as to the effect of special species. In one 
experiment, cream was inoculated with No. 27, was then 
pasteurized and inoculated with No. 18 and ripened. The 
resulting cream and butter were such as is produced by No. 18 
and no trace of No. 27 was seen. Moreover, it must be recog- 
nized that if artificial inoculation of cream ever becomes possible 
in butter making, it will probably never be possible for butter 
makers absolutely to sterilize their cream. The high tempera- 
ture required for this, rendering the butter worthless because of 
its boiled milk taste. Pasteurizing cream at 70°C. (158°F.) may 
be a practical possibility, though this may be questioned, and for 
this reason, in addition to those above given, this method of 
pasteurization was regarded in our experiments as preferable to 
any attempt at thorough sterilization of the cream. The chance 
of error, however, made it necessary to repeat experiments 
many times until uniformity was obtained. 
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The cultures used for ripening were made as follows: Skimmed 
milk was placed either in large test tubes or in Erlenmeyer flasks 
and sterilized by steam on four or five successive days, an abso- 
lute sterilization being thus obtained. The amount of the milk 
in each flask was varied in the different experiments for the pur- 
pose of determining the most convenient quantity to use. It 
was found as the result of many experiments that the best 
quantity was about one-thirtieth of the amount of cream to be 
inoculated, bulk for bulk. After sterilization the milk was 
inoculated with a loop full of a pure culture of the organisms to 
be tested, obtained from agar tubes. The inoculated milk was 
then allowed to grow for a varying length of time at varying 
temperatures, the variations in time and temperature being for 
the purpose of determining the best conditions under which the 
growth should occur. There were thus obtained milk cultures 
of the species to be experimented upon whose age was from one 
to fourteen days or more. A culture of about two days was 
found to be most satisfactory. 

The cream ripening was conducted as follows: After the pas- 
teurization of the cream as above described, it was cooled to a tem- 
perature of 30° C. (86°F.) or lower, and the milk culture was poured 
into it. The milk can was then closed to prevent the entrance of 
dust, either by closing the can with its proper cover, or by filling 
it with a plug of cotton, and the cream was set aside to ripen. 
In the various experiments the ripening was carried on at three 
different temperatures, the temperatures chosen being 37°, 27°, 
and 20°C. (99°, 81° and 68°F.) The experiments also varied as 
to the length of the ripening, in some cases the ripening being 
allowed to continue for twenty-four hours at the above men- 
tioned temperatures, and at others for forty-eight hours. During 
the ripening the cream was occasionally shaken to produce as 
thorough contact with oxygen as possible and thus to imitate 
closely the conditions in the vat of the ordinary creamery. 

The temperatures used in ripening are all higher than those usu- 
ally used in creameries. But this was found to be advantageous 
in ourwork. The cream could be ripened for forty-eight hours at 
20°C, (68°F.) and not be over-ripened, and even the temperature of 
27°C, (81°F.) did not injure the cream in twenty-four hours ripening. 
Such temperatures would have over-ripened cream as ordinarily 
collected for creameries. ‘The probable explanation is as follows: 


1. Our cream was probably not as highly inoculated with bacteria 
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‘as normal cream, and a longer time would therefore be required 
for bacteria growth. 2. Our cream continued a nearly pure cul- 
ture, and the changes in the cream would be less rapid than 
when several species were working together. As is well known, 
a bacteria culture increases most rapidly in the first period of its 
growth. Later the growth is greatly checked. For this reason, 
cream would more slowly be changed by a single growing species 
than by several growing together, even though at first the actual 
number of individuals was the same. In a few experiments with 
combined cultures it was found that the ripening was more rapid 
than with an equal quantity of a pure culture. ‘These facts ex- 
plain the result which may appear so strange to a butter maker, 
that cream has been ripened forty-eight hours at 20°C. (68° F.) 
and then found to be under-ripened and too mild. 

After the ripening had continued the proper length of time 
for the experiment, the cream was tested as to its acid or alkaline 
reaction. Note was made as to whether bubbles of gas had been 
produced during the ripening, as to whether the cream had 
noticeably thickened or not, and very careful note was taken of 
the odor and the taste of the ripened cream. ‘The cream was 
then cooled to a temperature of 14% degrees C. (58°F.) and was 
then churned. For churning we used an ordinary milk-shaking 
machine, such as is used by druggists for shaking liquids. The 
fruit can, about half full of cream, was placed in the shaker and 
the churning occupied only a very short time, varying from one 
to ten or twelve minutes, according to conditions, and according 
to the different species of bacteria that had been used in ripen- 
ing. After churning, the butter was washed once or twice in 
water at a temperature of 15°C. (59° F.), and was then worked 
between butter ladles so as to remove the excess of buttermilk 
and to imitate as closely as possible the ordinary method of 
butter working. In some of the experiments salt was added to 
the butter in the proportion of one to sixteen. In other experi- 
ments the butter was worked without salting. It was found that 
is was preferable not to salt the butter before testing, inasmuch | 
as the salting more or less disguised the flavor produced by the > 
ripening, and in these experiments, in some of which the aroma 
was quite delicate, it was desirable to have the flavor given to 
the butter as prominent as possible. It was found that those to 
whom the butter was submitted for tasting could very much more 
readily determine the flavor of the butter without the previous 
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addition of salt, although, in many experiments the flavor was so 


marked that the addition of salt gave no particular trouble. 


Salting disguises many a bad-flavored specimen of butter so as to 
make it passable. 

After the butter was thus worked, it was submitted to a number 
of persons for judgment. In no case did the persons tasting the 
butter in this way have any knowledge of the particular condition 
under which the experiments had been made, and did not know, 
therefore, whether to expect pleasantly or unpleasantly flavored 
butter. In the verdict given in regard to the butter in the differ- 
ent experiments, there was considerable variation, on the part 
of different persons, as was to be expected. A butter which one 
individual would declare excellent, another would regard as only 
passable, and some persons preferred butter which other persons 
called strong and rank-flavored. This was anticipated before 
the experiments began, because, as is well known, the public 
taste for butter is avery variable one, and it was not to be 
expected that the delicate shades of difference between differently 
flavored butters would affect all persons in the same way. 


_ Nevertheless, in spite of these differences, there was quite a gen- 


eral consensus of opinion, and all of the marked variations were 
noticed by all of the persons to whom the specimens were sub- 
mitted. 

These experiments were nearly always carried on in pairs. 
Sometimes the same species would be used for ripening in each 
of the pair, but at different temperatures. At other times.the 
same species would be used at the same temperature, but for 
different periods of ripening. At other times the same species 
was used at the same temperature, with different periods of 
ripening, but with a longer period of preliminary growth of the 
culture in sterilized milk. Sometimes different species were 
used under identical conditions. Sometimes acan of sterilized 
cream, uninoculated, would be carried through the ripening pro- 
cess side by side with one inoculated, to compare the ordinary 
experiments with the effect of no addition of bacteria. In gen- 
eral, the attempt was made, as far as possible, to determine the 
effect of the different species upon the ripening at different 
conditions, and to make the experiments as strictly comparable 
with each other as possible. 

The following is the description of the specific characters of 
the organisms used in the experiments: 
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NO. '2. 


Locality.—Found in milk in Middletown, October, 1892, and also in ripened 
cream in Ellington Creamery, November, 1892. 

Morphology.—A micrococcus, size I . to 1.2 #. It never forms chains, 
Grows the same on potato and agar. 

Motility.—No motion. 

Relation to Air.—Growth under mica, none, or very slight. 

Colony on Gelatine.—A slight pit appears, which begins to liquefy. The 
colony at this time is smooth and uniform. As it grows it breaks up, resulting in 
a liquid colony with a somewhat clear center, which may contain few granules, 
and a periferal ring with dense granules. Sometimes the ring is not at the edge 
and is very dense and distinct. 

Gelatine Stab Culture.—Liquefies into a shallow pit with a thick granular 
yellowish scum. Liquefies slowly, only a quarter of an inch of the gelatine 
being liquefied after several weeks. 


A gar-Avgar.—A dry, raised, discreet streak of a salmon or Naples yellow color. . 


Surface is wrinkled, rather tenacious and sticky. 

Potato.—A thick, dry mass, which occasionally spreads slightly or sometimes 
forms a series of distinct beads. Rough and wrinkled. Color varies from white 
flesh color to a decided brown. Frequently salmon color. 

7 emperature.— Grows equally well at 20° and 35°. Color not so well devel- 
oped at 35°. ; 

Milk.—At 20° or at 35° milk is coagulated. Coagulum rather hard with little 
whey. Orange masses on top. Odor, sour. Alkaline reaction, at least at first. 
No digestion of the casein occurs. Chemical analysis shows the presence of 
butyric acid and alcohol. 

Bouillon.—Liquid clear, with a slight precipitation and no scum, Later, 
liquid becomes cloudy and a slight scum forms. 

Two varieties of this organism have been found, differing in the brilliancy of 
the pigment only. 

No. 5. 


Locality.—Ripened cream from Cromwell creamery, October, 1892. 

Morphology.—A large rod 2 py. by I y., never forming chains. On agar it 
is somewhat smaller than on gelatine. No spores observed, occasionally a ten- 
dency toward a bi-polar stain noted. 

Motilty.— 

Temperature.—Growth slight at 35°, and green color not produced. 

Relation to Aivy.—Will not grow under mica. 

Colony on Gelatine.—A white colony which sinks into a. pit with a granular 
center and a clear rim, spreading into a round, uniformly granular circle with a 
radiating rim and a greenish tinge. 

Gelatine Stab.—Liquefies slowly into a broad funnel, with a thick, tenacious 
scum. Liquid green and later yellow. 

Agar-Agar.—Smooth, moist, rough growth which becomes abundant after a 
few days and is very sticky. Agar turned green. 

Potato.—An abundant white growth with yellowish tinge spreading over the 
surface of the potato. Smooth and glistening. Sometimes it forms mounds, 
sometimes a rough, folded mass with pits. 
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Milk.—Does not curdle at 20°, but turns slowly brownish. At a higher tem- 
_ perature it may form a soft curd with a cloudy whey. Reaction amphoteric or 
alkaline. Is slowly digested into a lemon yellow, cloudy liquid. 

Boutllon.— Uniformly cloudy with abundant sediment. Liquid green. 


Nos. 16 AND 162. 


The two varieties named, 16 and 162, resemble each other very closely in their 
specific characteristics. It was found impossible to distinguish between them, 
except by their effect upon butter. In all the experiments 1672 produced butter 
which was decidedly sour, while the butter produced by 16 was less sour and 
was usually regarded as excellent. The characteristics are as follows: 

Locality.—Ripened cream from Mansfield, October, 1892. 

Morphology.—An oval rod or micrococcus about I y. in length. 

Motilty.—Stationary. 

Relation to Atr.—Grows well under mica. 

Temperature.—Grows profusely at 35° as well as at 20°. 

Colony on Gelatine.—F¥orms first a white bead, which spreads rapidly over the 
surface and is slightly iridescent. Sometimes forms a lobular colony with a 
raised central nucleus; sometimes there is an outer clear, transparent rim with a 
raised center. In six days colony reaches dimensions of 2 mm. 

Gelatine Stab.—An abundant needle growth with a raised, round, smooth 
surface growth. Gas frequently produced in gelatine. 

Agar-Agar.—A diffused, white, shining growth. Sometimes quite thin, at 
_ other times thick with a sharp edge. 

Potato.—Very abundant, thick and spreading, white with an irregular surface. 

Milk.—Curdles at 35°. Surface with a clear whey, which becomes frag- 
mented and full of bubbles. Does not curdle at 20°. Is strongly acid and 
shows no digestion. 

Bouillon.—Produces a uniformly cloudy liquid with a sediment and ‘a slight 
scum round the edges of the tube. 


No. 18. 


Locality.—Mansfield, October, 1892. 

Morphology.—A bacillus 2 y. by 1.4». Occasionally two or three may be 
seen attached together. Produces spores in its potato growth. Growth on agar 
the same, though slightly larger. 

Motility.—No motion. 

Relation to Air.—Grows under mica. 

Temperature.—Grows profusely at 35° and at 20°. 

Colony on Gelatine.—A white bead which spreads slightly and forms a round, 
smooth, glistening colony, about I mm. in diameter. 

Gelatine Stab.—Abundant growth along the needle track. A white nail 
growth on the surface which spreads in a rather dry layer. 

Agar-Agar.—A white, scanty, narrow streak along inoculation line. Some- 
times spreads. Not very characteristic. 

Potato.—Spreads abundantly into a thick, white, diffused, mottled layer, some- 
times raised into mounds. Later it turns decidedly brown and more uniform. 

Bouillon.—Produces a uniformly cloudy liquid with a sediment. A slight 
scum appears after several days. 
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Milk.—Is curdled slowly at 35°, and becomes acid: At 20° no effect on milk 
is seen. 
NO. 19; 

Locality,—Cromwell, October, 1892. 

Morphology.—A short rod 2 y. by I p. with rounded ends. It never forms 
chains, has uniform stain and shows no spores. 

Motility.— 

Relation to Air.—WiAll not grow under mica. 

Temperature.—Will not grow at 35°. 

Colony on Gelatine.—A smooth, round surface colony with slow growth, which 
becomes after six days a lemon yellow colony about 44 mm. in diameter and 
sinks into a liquefying pit. 

Gelatine Stab.—Slight needle growth. A thin, opaque surface of a lemon 
yellow color, which becomes sunken in the middle into a pit. After a week the 
pit is quite deep, but the gelatine does not liquefy. 

A gar-Agar.—An abundant, smooth, spreading, lemon yellow growth. 

Potato.—An abundant, moist, lemon yellow growth. 

Boutllon.—A uniformly slightly cloudy liquid with a very slight sediment. 

Mitk.—I\s rendered slightly alkaline, but is not curdled. After two weeks’ 
growth at 20° the milk becomes partly transparent, showing that its casein has 
been peptonized. In six weeks milk becomes completely transparent and of a 
dark brown, almost red color. | 


No. 20. 


Locahty.—Cromwell creamery, October, 1892. 

Morphology.—A small bacillus 1-3 y. by .7 y. A uniform stain. No spores 
seen. Occasionally adhere in chains of three or four. 

Motilty,— 

Relation to Air.—Will grow under mica. 

Temperature.— Grows well at 35° and 20°. 

Colony on Gelatine.—A white bead spreading into a round surface colony 1 
mm. in diameter, sunken in the middle with a raised rim around the edge. 

Gelatine Stab.—Gas produced; slight needle growth and slight, dry surface 
growth. 

A gar-Agar.—Spreads diffusely in a thin, white layer showing branching marks 
radiating from the central streak. 

Potato.—Spreads diffusely into a watery mass with a yellow tinge. Later the 
growth thickens and the color may become a darker olive. 

Milk.—Curdles at 37°, but not at 20°. When curdled it is acid: 

Boutllon.—A uniformly cloudy liquid with a sediment. After three weeks a 
rather tenacious white scum appears. 


Nosrer, 


Locality,— Ellington creamery, November, 1892. . 

Morphology.—A slender rod 2 yp. by .8 uw. Frequently associated in long 
chains. No spores seen. 

Motihty.—Is motile. 

Relation to Air.—Will not grow under mica. 
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Temperature.—Grows well at 35°, though not so well as at 20°. Green color 
is not formed at 35°. 

Colony on Gelatine.—A small, opaque colony which rapidly liquefies into a 
large, greenish, slightly granular colony.. When liquefying, at first the granu- 
lar mass is associated at the center in a nucleus, but subsequently diffused 
throughout the liquid. 

Gelatine Stab.—Growth is slow. A shallow pit is formed, which becomes a 
deep, broad funnel. Later there is formed a liquid layer with a scum and a pre= 
cipitate, and a clear, green liquid between. 

Agar-Agar.— Thin, white, almost transparent, moist growth, spreading 
slightly. Agar becomes greenish. 

Potato.—Diffusely spreading, forming a thin, moist, brownish layer. 

Milk.—Curdles at 20° and also at 35°. Reaction is alkaline, casein becomes 
digested slowly. 

Bouilion.—A uniformly cloudy liquid with a slight scum. An abundant sedi- 
ment forms in six days. Liquid very cloudy toward the surface and slightly 
green. Later a very tenacious scum forms on the surface. 


No. 22. 


Locality,—Ellington creamery, November, 1892. 

Morphology.—A short, oval rod about 1.2 y.—2y. by I y. Variable in size. 
No spores. Stain uniform. 

Motility.—Stationary. 

Relation to Air.—Will not grow under mica. 

Temperature.—Very slight growth at 35°. 

Colony on Gelatine.—A rather thick, spreading colony formed with a central 
nucleus and a transparent edge, which shows radiant lines. 

Gelatine Stab.—Abundant needle growth. A thick, dirty white, opaque sur- 
face growth, which later sinks slightly in the gelatirie. 

Agar-Agar.—A dry, opaque layer with transparent edges. Spreads slightly. 

Potato.—-A white, narrow, raised streak, which later becomes yellowish. 

Milk.—No curdling. Reaction alkaline. Milk becomes slightly translucent. 

Bouillon.—Liquid uniformly cloudy, with no scum and only a slight precipi- 
tate. 





No. 23.: 


Locality.—Ellington creamery, November, 1892. 

Morphology.—A plump rod nearly as long as broad, 1.5 yp. by.8y. Some- 
times two will be seen, but no chains. Spores numerous. On potato it forms 
longer rods, 5 ys. in length. 

Motility.—Is motile. 

Relation to Air.—Grows under mica, producing gas bubbles. 

Temperature.—Grows well at 20° and 35°. 

Colony on Gelatine.—A small, round, clear, transparent colony, forming a 
white bead on the surface half a millimeter in diameter. In five days it reaches 
the diameter of one millimeter and is a small, round, glistening, white colony. 

Gelatine Stab.—A thin, rough, almost transparent surface growth. 

Agar-Agar.—A white, moderately thick, spreading layer. 

Potato.—An abundant white growth, glistening and moist, thick and heaped 
in mounds. Later distinctly brown. 
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Milk.—Thickens into a pasty mass, but does not curdle at any temperature. 


Turns slightly brown after a week or more. Reaction is acid. 
Bouillon.—A cloudy liquid with no scum, but an abundant precipitate. 


No. 25. 


Locality.—Ellington creamery, November, 1892. 

Morphology.—A bacillus 2 y. by .7 ». Uniform stain, no chains, producing 
spores. 

Motility.—Is motile. 

Relation to Air.—Grows well under mica. 

Temperature.—Grows well at 35°. 

Colony on Gelatine.—Minute, round, clear colony, raised into a bead showing 
concentric wrinkles. May spread to a diameter of one millimeter with a central 
nucleus and a darker, broader rim, separated by a partly clear space. The rim 
may be rough and lobed. 

Gelatine Stab.—Abundant needle growth, which is rough and beaded. Slight 
nail growth on surface spreading widely into a thin, transparent, dry layer, 
which later becomes quite white. ; 

Agar-Agar.—White, moderately thick growth, not characteristic. 

Potato.—A grayish, dry, raised mass, which becomes yellowish and spreads 
where potato is moist. Color from yellow to a brown ochre. 

Milk.—Rendered slightly alkaline, otherwise not changed. 

Boutllon.—Uniformly cloudy. A slight sediment which becomes very abun- 
dant. After three weeks a scum forms as tenacious white flakes. 


No. 26. 


Locahty.—Ellington, November, 1892. 

Morphology.—A slender rod 4 yp. by I py. Size variable. Frequently forms 
long chains. Bi-polar stain noticed. No spores. 

Motihty.—Non-motile. 

Colony on Gelatine.—A rosette shaped colony with a central dark nucleus 
and granular rays. Sometimes a double rosette, one round the nucleus 
and another outside. Rosette lobing may be very coarse or very fine and deli- 
cate or sometimes simply granular on the edge. 

Gelatine Stab.—A moderate needle growth. A thin, rough, transparent sur- 
face dotted with opaque spots. 

A gar-Agar.—A very white, moderately thick growth. 

Potato.—Gray white, slightly spreading growth with occasionally a faint 
tinge of yellow. 

Milk.—Is not curdled at any temperature. Becomes alkaline. At 20° it 
becomes slightly transparent in a few days, and after six to eight weeks is con- 
verted into a pasty brown, semi-translucent mass with a strong alkaline reaction. 

Lourllon.—Uniformly clear liquid. After six days a slight sediment appears. 
In eight days liquid becomes cloudy and later still a scum forms on the surface 
which is iridescent and sinks in flakes on being disturbed. 


NO.227, 
Locahty.—Ellington, November, 1892. 


Morphology.—A short rod 1.3 y.—2 p. by .8 y. Uniform stain. No spores. 
No chains, 
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Motility,—Is motile. 

elation to Air.—Grows under mica. 

Temperature.—Grows well at 20° and 35°. 

Colony on Gelatine.—Clear, transparent colony under the surface, spreading 
on the surface into a clear, transparent, mounded colony with wrinkled edges. 

Gelatine Stab.—Abundant needle growth, beaded. Slight surface growth at 
first, later spreading into a thin, transparent surface layer. 

Agar-Agar.—White, raised growth, not characteristic. 

Potato.—Narrow, raised streak, with a yellowish tinge, spreading where 
moist. 

Milk.—Does not curdle. Is rendered alkaline and acquires a disagreeable 
odor and a bitter taste. After several weeks digested into a brownish liquid. 

Bouillon.—Cloudy with a scum and an abundant precipitate. 


. No. 31. 


Locality,—Water from a brook, January, 1893. 

Morphology.—A bacillus frequently forming long chains. Uniform stain and 
no spores. Dimensions 1.5 y. by .g p. 

Motility.— 

Relation to Air.—No growth under mica. 

Temperature.—No growth at 35°. 

Colony on Gelatine.—Small, round colony with radiating marks under the 


_ surface of the gelatine. On the surface a raised bead which becomes surrounded 


by a clear, granular pit. Granular central mass gradually breaking up and dis- 
persing in the pit. 

Gelatine Stab.—Liquefies slowly into a deep funnel, filled with green liquid. 

Agar-Agar.—White, smooth, moist, glistening growth, rather diffuse. Agar 
turned green. 

Potato.—Gray and dry, later becomes brownish. Quite thick. 

Milk.—Becomes slimy at 20°. Is strongly alkaline. Digestion of casein 
begins at once and milk rapidly becomes a yellowish green liquid completely 
digested. 

Boutlion.—Cloudy liquid with thick scum. Green one-half inch from top. 
A sediment collects. After ten days is green throughout and with very thick 
scum. 


With the above described organisms a large number of experi- 
ments in cream ripening have been performed, over 150 in all. 
About two-thirds of them are given in detail in the following 
table (12). The other experiments either agreed with those 
described and were for this reason unnecessary, or were omitted 
since they were isolated and too few to lead to reliable conclu- 
sions. ‘The table represents experiments extending from Novem- 
ber to April, which were all performed with organisms isolated 
from cream or water in the months of October or November. 
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SUMMARY OF THE RESULTS SHOWN BY THE TABLE. 


From the experiments thus tabulated (see table 12 before) can 
be drawn certain general results as to the effect of the different 
species. These conclusions, with some further details, may be 
summarized as follows: 


Species Vo, 2. 


From the table it will be seen that No. 2 makes good butter 
though of a rather mild flavor, and that it makes little difference 
whether the ripening be carried on two days at 20° or one day at 
a higher temperature, but the best results were obtained after 
forty-eight hours ripening at 20°, Except with a very high 
temperature No. 2 will always produce good butter. The flavor, 
while excellent, is not quite like that of first class creamery but- 
ter. We see further that it makes little difference in the results 
whether the culture of inoculation be a fresh culture (one or two 
days) or an older one. Practically it was found more convenient 
to use fresh cultures. Everyone to whom the butter was sub- 
mitted regarded it as excellent but mild, and it was frequently 
preferred to creamery butter with which it was compared. 
Slight differences in the results of these tables are probably due 
to errors introduced by other species accidentally present in the 
milk. It was noticed in most experiments that the ripening, if 
prolonged, injured the texture of the fat so that the grain of 
the butter was not good. 


Species No, 22. 


It will be seen from the table that No. 22 makes good butter 
but also rather mild. When compared with No. 2 in parallel 
experiments, preference was usually given to No. 2, although 
there was little difference between the two. It will be seen also 
that No. 22 ripens cream slowly, and forty-eight hours at 20° was 
never too long to produce the best results. It would stand 
twenty-four hours at 28° without difficulty, but 35° rapidly 
destroyed the cream and ruined the butter. In experiment No. 
22 the milk and cream were slimy, a fact which explains the bad 
butter. Nos. 2 and 22 produced better butter than any other 
species of bacteria experimented with. Frequently the butter 
was pronounced decidedly superior to creamery butter with 
which it was compared. 
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PELE AV 0. 27, 


No. 27 uniformly ruins the butter whenever it has an oppor- 
tunity to grow in the cream. It grows readily at all tempera- 
tures and always produces bad smelling cream and bitter butter. 
The effect was the same whether allowed to act one or two days, 
although more noticeable, of course, in the longer periods. By 
reference to the tables it is seen that Nos. 2 and 22 produce an ex- 
cellent, mild-flavored butter under identically the same conditions 
as those under which No. 27 produces a very bad butter. Experi- 
ments No. 33 and one of the same date, not in the tables, were 
especially instructive. The two lots of cream for the day were 
both inoculated with No. 27 and then pasteurized at 7o°. One 
was then inoculated with No. 27 and the other with No. 2. Both 
were then ripened twenty-four hours. One gave the bitter but- 
ter of No. 27, the other the good butter of No. 2; showing that 
pasteurizing would destroy the organism No. 27, should it chance 
to be in the cream. 


Species Nos. 2, 22 and 27. 


‘These three organisms were those upon which the largest num- 
ber of experiments was performed, inasmuch as they proved to 
be the most promising for the purpose for which the experiments 
were originally designed. ‘The other organisms were not used 


so many times for the purpose in our experiments, and the - 


results are therefore not quite so definite. These three were 
finally chosen for the exhibit at Chicago. Nos. 2 and 22 to show 
species producing good butter, and No. 27 a species producing 
bad butter. Later No. 167 was added to the list. 


Species Lo. 5. 

Experiments 47-50 were among the earlier experiments and 
the cream was inoculated directly from an agar culture. In ex- 
periment 49 the cream, in order to compare with experiment 50, 
was not pasteurized. Plate cultures were made from the ripened 
cream of both, and while No. 49 showed. a variety of species, 
ripened cream of No. 50 was nearly a pure culture. ‘These ex- 
periments were insufficient to determine satisfactorily the effect 
of No. 5 on butter. . 


Species Nos. 16 and 161. 


From experiments 52-65 it will be seen that Nos. 16 and 167 
differ plainly in their effect on butter. No. 167 always produces 
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bitter, sour butter, while No. 16 made very good butter in all 
cases. So marked was the bitter taste of 162 that it was used in 
many experiments at the Columbian Fair to show the injurious 
effect of certain species of bacteria on the butter aroma. The 
difference between these two organisms is very remarkable con- 
sidering that their specific characters are almost identical. 
After having worked out the characters as shown on page 51, 
I concluded that the species were identical, but repeated experi- 
ments in ripening cream showed an absolutely uniform difference 
in the resulting butter, and the conclusion was inevitable that at 
least there was a physiological difference between them. This 
result, while surprising, is not unique, for other species or varie- 
ties have been found to be separated by equally slight differences. 
Nencke (Cen?’t’t. f. Bact. u., Par. 1X, p. 304) has found a bacillus 
differing from B. coli commune only in producing a different 
chemical form of lactic acid. Other instances might be cited. 


Species No. 8. 


From experiments 68—73 it will be seen that No. 18 produces 
very poor butter. It is not so bad as that of Nos. 27 or 162 but 
is of a decidedly poor quality. 


Species Vo. 19. 


In experiment No. 74 the cream was heated to too” instead of 
70° which explains the scalded milk taste. No. 19 will not grow 
at 35° (see page 52). The ripening of the cream in experiment 
75 was not, therefore, due to No. 19 but to the organisms which 
resisted 70° used in pasteurization and were forced into rapid 
growth by the high temperature of ripening. From experiments 
74-77 it will be seen that No. 19 is not favorable to butter 
ripening, butter acquiring a rather strong taste under its influence. 
The butter was not very bad, however, and would readily pass 
in market as a second quality butter. 


Species LVo. 20. 


The butter in experiments Nos. 78-82 differed somewhat in 
quality, sometimes being quite good and at others not so good. 
The differences were very slight, however, and would lead to the 
conclusion that No. 20 produced very slight effect on butter 
flavor. So slight was it that the organism was soon abandoned 
as unpromising. 
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Species Lo. 20. 


In experiment 89 the cream was inoculated with the buttermilk 
from experiment No. 87. This species produces excellent butter. 


Species Lo. 31. 
No. 3t was obtained from water of a brook. Its effect on 
butter was universally bad. 


In addition to the organisms above referred to in tables, cream 
has been ripened with quite a number of other species not de- 
scribed. A few well known species of bacteria were also used as 
follows: : 

A culture of Bacillus acidi-lactict received from Germany was 
found to make unpleasant-tasting butter, as has been previously 
shown by Storch. 

The species Micrococcus freudenretchet, received through the 
kindness of M. Freudenreich, was used according to the method 
above described, and was found to produce a good-tasting though 
very mild butter, which was, however, rather soft and fluffy in 
consistency. 

Bacillus katz produced butter with a tolerably good taste, and 
would be regarded as moderately good butter. 

Bacillus schaffert was found in several experiments to produce 
butter with an unpleasant taste, which was always regarded as a 
poor quality of butter. 

Several points of general interest have been shown by the 
experiments above given, which may be summarized here. In 
the first, place, it has been proved in all cases that a temperature 
as high as 35° C., even for a few hours, is almost sure to over- 
ripen the cream and produce bad butter. Moreover, it was found 
that pasteurized cream, even though not subsequently inoculated, 
would become ripened in twenty-four hours at this temperature, 
indicating, of course, that the spores left in the cream developed 
rapidly enough at that temperature to produce marked results. 
Evidently a temperature of 35° cannot be used for ripening in 
such experiments. ‘Temperatures of 28° and 23°, however, could 
be used for twenty-four hours without difficulty, the uniformity 
of the experiments at this temperature showing that the cream 
was ripened chiefly by the artificial culture inoculated. At the 
temperature of 20° the ripening could be continued for two days 
without trouble, and in no case was an over ripening produced in 
this time with any of the pure cultures used. 
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The experiments, as stated in the introduction, have always 
been performed in pairs, and the separate consideration of the 
results of some of these pairs will be instructive as indicating the 
success of the experiments, and the striking results of different 
species under similar conditions. A few such pairs only will 
be selected for description. 

On February 4th two lots of cream were pasteurized as usual, 
one inoculated with No. 2, the second with No. 27. Both of 
them were allowed to stand at 23° fortwo days. At the end of 
that time, No. 2 cream had a slight musty smell, with a neutral 
reaction, and produced a very good butter, which was quite 
mild. No.27 at the same time produced a vile-smelling alkaline 
cream, which resulted in a bitter, vile-tasting butter which was 
very poor. 

On January 26th two lots of cream were pasteurized, one inoc- 
ulated with No. 22, the other with No. 2. They were ripened 
one day at a temperature of 23°. Each of them produced a sweet- 
smelling, sweet-tasting, alkaline cream. Each produced an ex- 


cellent grade of butter, and it was difficult to choose between them. 


On January 21st the two lots of cream were heated as usual, 
one inoculated with No. 26, the second with No. 27. Both were 
left at a temperature of 20° for two days. Both became alkaline 
with a pleasant, mild odor. No. 26 had a pleasant, sweet taste, 
and gave butter with scarcely any aroma. No. 27 gave a sour- 
tasting cream, resulting in a bitter butter with a smarting taste. 

January 23d both lots of cream were sterilized as usual, one 
inoculated with No. 162, the second with No. 2. Both were 
placed at 27° for one day. No. 167 gave an acid, disagreeable- 
tasting and smelling cream, and a strong, disagreeable aroma to 
the butter. No. 2 produced a slightly acid cream with a pleasant 
odor and taste, and an excellent quality of butter. 

On January 20th two lots of cream were heated as usual, one 
inoculated with No. 18, the second with No. 2. Both were left 
at 28° for one day. No. 18 produced a sickish-smelling cream, 
slightly sour and bitter, with a strong, rank taste. No. 2 pro- 
duced slightly alkaline, sweet-tasting cream, with a pleasant, mild- 
tasting butter. 

January 16th two lots of cream were heated as usual, one 
inoculated with No. 23, the second with No. 18. Both were left 
at 20° for twenty-two hours. The cream of both became slightly 
acid. Both were then placed at 37° for three hours. No. 23 


-_ 
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became slightly more acid but produced very good butter. No. 
18 became decidedly acid and bitter and produced strong, rank 
butter. ES aaa 

The consideration of the pairs of experiments as shown above, | 
plainly shows the difference in the butter of different species of Z 
bacteria when used in ripening the cream, and, in addition, indi- % 
cates that the method of experiment was rigid enough to obtain 
at least approximate results in all cases. 

Vv Another point brought out clearly in these experiments was 
the effect of the washing of butter. Nearly all of the flavor pro- 
duced by the ripening of the cream was in the buttermilk, and 
the taste of the butter was very much more prominent without 
thorough washing than it was after such washing. If the butter 
was washed long enough, all of the aroma would be washed out, 
while without any washing at all, the taste was most prominent. 
The butter aroma is then not due to changes in the fat, but to 
some other constituents of the cream. For this reason it was 
our custom to taste the butter before any washing had occurred, 
as well as after the working, and in this way a stronger effect 
was noted and the differences between the organisms made out 
with more ease. ‘This fact, that the aroma is due to the butter- 
milk, is not a new one, but it was plainly brought out by the 
experiments. 

It should be stated that in all of these experiments the differ- 
ences in flavor of the resulting butter were less than had been 
anticipated before the experiments began. ‘The effect upon the 
taste and flavor of the ripened cream of the different species’ of 
bacteria was very marked indeed, and the effect upon the taste 
of the butter before washing was equally striking. After the 
washing and the working, which removed a considerable portion 
of the buttermilk, the differences in flavor were very much less 
noticeable, so much so that in some of the experiments it required 
the utmost attention to make out the'appropriate differences 
between different specimens of butter. It is true that the differ- 
ences above noted in the experiments were always seen in the 
specimens of butter tested, but it is equally true that those differ- 
ences were not in many cases very striking ones. Many of the 
forms of butter which have been described as poor or moderate 
would probably pass muster as tolerably good butter. At the 
same time, in the case of a few of the organisms, especially No. 
27 and No. 162, the effect upon the butter was in itself very 





2 ae ce C4 





——— 


BACTERIA IN THE DAIRY. 67 


striking, and no one failed to perceive the marked disagreeable 


flavor. The total result of these experiments, however, has been to 
indicate that the effect upon the flavor of butter, while noticeable, 
is not so striking as was at the outset expected. Atthesame time 
the effect was sufficient to make the differences between the fine, 
delicately flavored butter and the unpleasant, strong-tasting 
butter which results from an improper ripening; in other words, 
the differences between the very highest quality of butter and 
that of an inferior grade. 

Another point of much significance was noted. Of the large 
variety of species of bacteria found in ripening cream the number 
which produce poor butter is very small. Among the 20 species 
already experimented with, only three produced strikingly bad 
effects, while all the rest gave good butter or had no marked in- 
fluence. This is a matter of considerable importance as bearing 
upon dairy interests. It indicates that no particular species of 
bacteria is needed to produce a good aroma, but that nearly all of 
the species liable to get into the cream under normal conditions, 


_ will give moderately good results. Some, indeed, are better than 


others for the purpose, and some really produce injurious effects, 
but the majority of species are either directly advantageous or 
neutral in their action. It must be remembered, however, that 
the source of these organisms was cream from first-class cream- 
eries, where the beneficial species must be supposed to outnum- 


- ber the injurious ones. YWhat result would have been obtained 


if a lot of cream from an inferior dairy had been used as a starting 
point, cannot be stated, but the result remains that good condi- 
tions may be depended upon to produce favorable varieties of . 
bacteria in abundance. 

Somewhat akin to the above is the general observation that no 
single species produced a typical ripening of cream, or the 
usually expected flavor in the butter. Although many of them pro- 
duced excellent butter, yet in every case the verdict would be given 
that the flavor was not exactly that of normally ripened butter. 
This is not to be wondered at, for it is hardly to be expected that 
any one species would produce the same result as that produced 
by many species growing together. yExperiments with combina- 
tions of species have therefore been undertaken, but the results 
are not yet complete. 

It will be noticed that most of the species experimented with, 
produced an alkaline reaction, the reason being that a large part 
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of the species isolated from ripening cream, showed this peculiar- 
ity. The few acid-producing species isolated did not produce so 
good effects on the butter as the alkaline producing species. 
Further experiments with acid-producing species are needed, 
however. 

SUMMARY. 

The most important points taught by these experiments may be 
summarized as follows : 

I. Different species of bacteria grown in the cream while ripening 
have different effects upon the butter flavor. The differences tn the 
resulting butter aroma are not very prominént in most cases, but are 
decided enough to make the difference between a first-class grade of 
butter and a second class. 

2. Pasteurizing cream at 70° C. will so largely destroy the bacteria 
in it, that a pure culture of bacteria subsequently tnoculated will pro- 
duce tts proper effects, not materially affected by the few OF gee 
left in the cream after pasteurization. 

3. Most species of bacteria found in cream of a good creamery 
produce good butter. The number which tnjure the flavor of the 
butter ts small. 

4. LVo one species of those experimented with, when used alone 
Sor ripening cream, produces a typically flavored butter, though many 
of them produce butter which ts excellent in flavor and which was 
preferred to that of the normal ripening. 
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A-STUDY OF RATIONS FED TO-MILCH COWS ON 
SIXTEEN DAIRY FARMS IN CONNECTICUT. 


BY“CHAS. DD. WOODS AND. >. PHELPS. 


In the Report of this Station for 1890 (pages 180 and 18r), in 
an article by Professor Atwater on the fuel value of feeding stuffs, 
reference was made to six rations fed by leading New York dairy- 
men and compiled by the New York State Station.* These were 
cited as illustrations of the wide range in the quantities of protein 
and of total estimated energy (fuel value) in the rations on dif- 
ferent farms, and the importance of a more thorough study of 
actual feeding practice of dairymen. The hope was then ex- 
_ pressed that ‘circumstances may be such as to permit an inquiry 
regarding kinds and amounts of feeding stuffs used by Connecti- 
cut dairymen.” 

During the winter of 1892-3, it was found practicable to peat 
such an investigation. For this purpose, Mr. Harry G. Man- 
chester, a graduate of the Storrs School of the class of 1891, was 
employed as a special representative of the Station, to visit dif- 
ferent dairy farms in the State, and make systematic observations 
of the cows, their feeding, care, milk-production and kindred 
subjects. 

Each herd was Eelected by *oneworms( Cro, °P.), after’ a per: 
sonal inspection or after sufficient correspondence to satisfy our- 
selves of its fitness for the proposed test, and was frequently 
visited while the test was being made. 

Mr. Manchester usually went to a farm ona Monday morning, - 
arriving in time to begin the test at noon of that day, and remain- 
ing until the following Saturday. The interval between Sat- 
urday noon and the following Monday was long enough to go to 
another place with the needed apparatus and make preparations 
for a test to begin at noon on Monday. ‘This made a period 
of five days at each place, and with two exceptions this was the 





* New York State Station Bulletin No. 17, (new series). 
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length of time given to the study of each of the sixteen herds 
visited. In this first winter’s work, which was regarded as pre- 
liminary to an investigation that might extend over a series of 
years, it was thought better to examine a relatively large number 
of herds, each during a short period, than to make the periods 
longer and the number of herds less. 

The chief points upon which information was obtained were:— 

Number of animals in the herd.—In considering the number of 
animals, only those which came into the test were included. 
Usually these were all of the cows on the farm which were in 
milk at the time of the test. 

Breed, age and approximate weight of each cow.—The breed and 
age were obtained as accurately as possible from the owner. 
Since it was not practicable to take to the farm scales large 
enough on which to weigh the cows, the weights were estimated. 
This estimation was made in each case by the Station representa- 
tive, and it is hoped that the errors of judgment may run more or 
less equally through all the herds examined. 

Number of months stnce last calf.—In most cases the time at 
which the cow dropped her last calf was known. 

Number of months till due to calve.-—There was, of course, more 
or less uncertainty in this regard. 7 

Weights of milk-flow for the five days —The milk of each cow at 
each milking was weighed as soon as milked, to the nearest tenth 
of a pound, by the Station representative. 

Percentages and amounts of butter-fat in the milk.—A sample of 
the milk of each cow, at each milking, was taken for the deter- 
mination of the quantity of butter-fat. The Babcock method of 
fat determination wasemployed. From the percentages of butter- 
fat,in the milk, and the total weights of the milk, the daily yields 
of butter-fat were obtained. 


Kinds and weights of foods used —The feeder was requested to 
~ use the same kinds and amounts of feeding stuffs during the test 
period as he had previously used. ‘The quantity for each animal 
was weighed by the Station representative just before feeding. 
Any portions of the food left uneaten by the cows were carefully 
weighed, and due allowance was made for these uneaten residues 
in estimating the amounts daily eaten. During the test, usually 
on the third day, samples of each food used were carefully taken 
and at once sent to the laboratory for analysis. From the results 
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of the analyses and the weights fed, the total nutrients (protein, 
fats, nitrogen-free extract and fiber) fed each day were calculated. 
By the use of digestion coefficients, more or less accurate estimates 
were made of the weights of digestible nutrients in each day’s 
ration. 

The names and post-office addresses of the owners of the herds 
studied by the Station are given in the following list, together 
with the dates at which the Station representative was at the farm. 
At the left, in the first column of figures, there is given a refer- 
ence number for each herd. In the remaining tables and in the 
discussion, the herds and the rations fed are referred to by these 
reference numbers. 


Names and Post-office Addresses of Owners of Herds Studied, Dates 
at which they were visited and Reference Numbers of Herds. 




















ee ae NAME AND P. O. ADDRESS OF OWNER. DATE OF TEST. 
ated. 
1892. 
T,02 = W.S. Crane, Willimantic. Nov. 30—Dec. 2. 
2, - - N. D. Potter, South Coventry. Dec. 5-9. 
5. z Samuel Stockwell, West Simsbury. Dec) 12+17. 
4, - paler ie 2; Case. Simsbury. Dec. I9-24. 
5, - Edward Manchester, West Winsted. Dec. 26-31. 
1893. 
6, - - Isaac Barnes, Collinsville. jan. 2-7: 
sf hos - | Elbert Manchester, Bristol. Jan. 9-14. 
8, - = Edward Norton, Farmington. Jan. 16-21. 
9, - ~ H. W. Sadd, Wapping. Jan. 23-28. 
10, - - John Thompson, Broad Brook. Jan. 30-Feb. 4. 
dies - E. F. Thompson, Warehouse Point. Feb. 6-11. 
12,.> - R. E. Holmes, West Winsted. ' Feb. 13-18. 
13, < - James B. Blivin, Baltic. Feb. 27—Mch. 4. 
14, - - George W. Woodbridge, Manchester Green. Mch. 6-11. 
15, - - Harvey S. Ellis, Vernon Centre. Mch. 13-18, 
16, - - Chas. P. Grosvenor, Abington. Mch. 20-25. 











Table 13, which follows, gives a summary of the statistics of the 
herds visited. In this table and in the others which follow, the 
following abbreviations are used: 


ABBREVIATIONS USED IN REPORT OF COW DIETARIES. 


Ay. =Ayrshire. Gy. = Guernsey. P.==Pure Breed. 
Dev.= Devon. Hol. = Holstein. R.=Registered. 
Dur.= Durham. } yess Lerseys Sw. —Swiss. 


G.=— Grade. Nat. = Native. 
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TABLE 13. 
Condensed Statistics of Sixteen Dairy Herds Studied by the Station. 
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As shown in table 13, the sixteen herds examined contained 
254 milk-giving cows, or an average of about sixteen per herd. 
The smallest herd contained ten cows; the largest twenty. Seven 
breeds and grades were represented besides some animals of un- 
known pedigree. Forty-four cows, or 17 per cent. of the whole 
were of pure breed; 184, or 73 per cent. of the whole, were grades, 
and 26, or ro per cent. of the whole, were ‘‘natives,” that is, 
animals without any special breeding so far as known. One 
hundred and fifty-four, or 60 per cent. of the whole, were either 
pure or grade Jerseys, and 38, or 15 per cent. of the whole, were 
pure or grade Guernseys. While no effort was made to select 
herds of any particular breeding, it happened that three-fourths 
of all the animals of these herds were, to a greater or less extent, 
from stock originally from the Channel Islands. 

The average ages of the animals of each of the sixteen different 
herds ranged from five to seven years, six being about the 
average age of the animals of all the herds taken together. The 
youngest animal was two years old (in third year) and the oldest 
was 17 years. Fifty-eight of the cows were under four years, 193 
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_ were between four and twelve, and three were over twelve years 
old. One hundred and sixty of the 196 animals which were four 
years old or older, were in the period of lactation (from flush to 
eight months past calving) during which the largest yields of 
milk and butter-fat are expected. 

Tables 14 to 29 inclusive contain the results, in considerable 
detail, of the studies of the sixteen different herds. They are all 
alike in arrangement, and a description of one will serve for all. 
Each table contains the condensed results for a herd. Table ra, 
for instance, gives statistics for herd No. 1. 

The first (upper) part of the table gives a reference number of 
each animal, its breed, age, weight and number of months since 
last calf. The smallest daily milk flow, the greatest daily milk 
flow and the total yield of milk for the five days are given in the 
next three columns. In the three following columns are given 
the lowest, highest and average percentages of fat found in the 
daily milk of each cow for the period of five days. ‘The figures 
were obtained by adding together the five daily determinations 
and taking the average, hence this actual average is not always 
half way between the highest and lowest. The yield of fat is 
given in the last three columns of the first or upper part of the 
table. The minimum and maximum yields of fats were obtained 
by multiplying each day’s milk by its percentage of fat; the low- 
est number thus obtained gives the minimum daily yield of fat, 
and the largest the maximum yield of fat. It is to be noted that 
these numbers are not the same as would have been obtained by 
multiplying the minimum and maximum daily milk flow by the 
minimum and maximum percentages of fat. The total yield of 
fat for the five days was found by taking the sum of the daily 
yields of butter-fat. 

The second, or lower part of each table, gives the kinds and 
amounts of the different food materials eaten per day per 2,000 
pounds live weight, and the weights of the total and digestible 
nutrients (protein, fats and carbohydrates) which they furnished. 
As stated previously, all of the different feeding stuffs used in 
these rations were analyzed, and from the results of these an- 
alyses the weights of the total nutrients furnished by the different 
coarse fodders and concentrated foods were obtained. The 
results of these analyses are given on pages 17-27 of this Report. 
The method employed in calculating the fuel value or potential 
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energy furnished by the different foods, is explained on page 17 
of this Report. 
The weights of digestible nutrients in the rations were obtained 


from the weights of total nutrients by the use of factors (coeffi- 


cients of digestibility) obtained from the results of digestion 
experiments in this country and Germany. So far as possible, 
the factors obtained in American digestion experiments were 
employed. ‘The following tabulation gives the digestion coeff- 
cients here employed. 


Coefficients of Digestibility used tn calculating the Digestible Nutri- 
ents tn the Different Foods used tn these Rattons. 





























Carbohydrates. 
Protein.| Fat. Nice 
free Ex. vise 
fo % % % 
Wheat bran, - : : = # 78* Tak 66* 33+ 
Wheat middlings, - E : “ Fos. 85% 83* 33+ 
Linseed meal, - 2 = 2 E 86+ got 8ot 50+ 
Cotton seed meal, - - > : 89* 100* 68* 35% 
Pea meal, - . : 2 - - refed 54* 94* BO 
Corn meal, - i : ‘ : 76+ Q2* BT. 58+ 
Corn and cob meal, E : 2 é 7607 82* 84* 46 
Gluten meal, - 2 - i . m 87* 88* Or 33t 
Malt sprouts, - : 4 - _ a 8rt 68+ 76+ 64+ 
Good quality hay, - : Me . 2 54* 54” 63* soe 
Poor quality hay, - = - : 45* Pe ii 6G* 46* 
Rowen hay, - - : . : Z 62+ AOF. 7 -e6RF 64+ 
Corn stalks (stover), : 2 2 g2° 52* 64* 4266" 
‘Corn silage, _, - _ - : ‘ 46* So* 67% 67% 
Potatoes, - se - Ne ys ce 44* 13° oy es — 
Turnips, etc., - - - J ‘ : 84* > by ii g5* 80* 





* From results of American digestion experiments, 
+ From results of German digestion experiments. 


In order to show the range of variation from day to day in the 
feeding of the same herd, the minimum and maximum daily 
rations per 1,000 pounds live weight are appended to these tables. 
The size of the rations is here measured by the total energy of 
the nutrients (protein, fats, etc.) A ration which is large in total 
energy may have a small amount of a given kind of food or a 
given kind of nutrients. Hence it sometimes happens that the 
minimum of one of the nutrients furnished by a certain kind of 
food in a given ration may be greater than the average of the 
nutrients in that ration. This is the case with the minimum of 
the coarse food in ration 1, table 13. The same may happen 
conversely, in the case of the maximum. 
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: TABLE I4. 
Dairy Herd No. 1.—Statistics of Herd, Nov. 30 to Dec. 2, 1892. 
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Pere | S.C OVS hae eee eo ep Ee | Be oS 
Mee te) 2 se so | Soi ee ele) ee |ee) =o 
me BS leS tes ee leoiee es 2) eb) as) ee 

< = ale a} © = x si Ce et Gy fe we 

= a eed el Sls | st |e "4 HH 
Yrs./Lbs.| Mo.; Lbs: | Lbs.,| Lbs. |.% | % | @ | Lbs. | Lbs..! Lbs. 
1|G. Jy. | 5 | 800} 4 | 18.4] 19.3| 94.6) 5.7| 7.0] 6.2] 1.05 | 1.30) 5.95 
Seay te 2 | S05) 18 | 8.2 1 B.g 406s 60 Ge 1G) |) 35 534. 2.54 
3G. Gy.| 3 | 850) 6 | 16.5) 18.3} 87.0) 5.0/5.5 |5.38] .87) .95) 4.54 
Bie Cryo 3 | 825| 08: 10.7 | 11644 64;83.9 | 6:8°16,0 | .63.| .75 | 3154 
BPRe ty. | 13°) 850) 16-| 7.6) 8.3 | 40,916.1) 6.3/6.9) .45)-.521 2.47 
6| P. Dev.| 7 | 825] 6 | 26.4 | 20.5 |141.5) 4.2 | 4.7 | 4.5 | 1.13 | 1.41 | 6.47 
SeeRetayei erie |I LOO! 21° |. 11.1-) 159-21. 62,9)4.87)'s06') G1.) 156). 60°10 8,12 
14|P. Ay. | 5 | 875| 6 | 19.2 | 22.4 |105.0! 4.6 | 4.9 | 48] .89] 1.10} 4.96 
15) R. Gy.| 7 | 950} 2 | 24.2/ 25.0 |129,9| 4.2 | 4.7 | 4.5) 1.05 | 1.14] 5,62 
porR? Gy. |~ 3°| 950! 2 | 19:6} 20.1 | 99,8)4.3| 5.0/4.6. .86)| 1.01 | 4.60 
Peet yeei. 3 | 850). 3) 21.4 |.2327-) 11934) 4:0.4°528 | 4:7 |) 686. |.1.391 7) 6,28 
Polk; Gy.|. 7/|1050) 16°) -5.3 1 6.74.80,.6) = -— | — 
PomGy.| 3 |/875} 18 | 10.8./12.6| 68.9)4:615.9| 5.1). .50| -71) 2,98 
Boge Gy. |e 3 }.900), -8 ) 12.8.) 172) 72.8) 6.0} 614 6.1), «77 | 1.05.) 4.64 


























Pounds of Food and Nutrients per Day per 1000 Lbs., Live Weight. 
























































z TOTAL NUTRIENTS AND | DIGESTED NUTRIENTS AND 
ESS ren ENERGY. ENERGY. 
OF op v Pied ae pe Wd rane 
FEED. fy| s a aed ee a £4 | ¢ S 
Fo Sis | 25) 2 lee) 212 |esl's] oe 
cc Pan ce an Sie a ee 
Lbs.|Lbs.|Lbs.} Lbs. |Lbs.| Cal. |Lbs.|Lbs.| Lbs Car 
Wheat bran, Sheeae Oued Ol 1S) TiRS. tS — Gee o ee OGL TOF) sr — 
Middlings, ~ vet OM s2o) .TOmWS .80| 1G) em a 25h Oo} «91! — ae 
Linseed meal, - || 1.8) .60) .16; .64| .%5) —-| .54) .15} ~75| — — 
Seeuteteiienl er = 12.2.0). 50) 225). 120308, 11) —, 44.222) .o8) = — 
Total concentrat- |——|——-|———_|—_—_- a 
ed food, - - | 8.3/1.87) .64| 4.00] .65/14800| 1.58] .55| 3.51] — |11790 
Hay, - = LEON .S4io 334]: 4. 70)-3.18| ee—0 be Aon SIOk 4.7.1) = — 
Oat hay, - SLRS. 3). 44) (4) °2,.03) 1 Soka 24h 08}. 2, £5) —— — 
Ensilage, - mee g- Se 5 2]- -22| 9° 2.80) 1.40) eo be 241 en 2.89) — 
Total coarse food,| 43.6|1.80] .70| 9.61|6.17/35700) .93] .44| 9.73) — |21660 
Total food, - )61.9)8.67) 1.84) 18.61/ 6.82/50500) 2.51) .99) 13.24) 6.2/88450 
Minimum per day. 
Concentrated food| 4.9] .76| .25| 1.66) .26| 6000; — | —|,— |— | — 
Coarse food, - | 42.7| 2.06] .77| 9.76] 6.00/36400; — | — | — | — — 
BE Otol. ¢'- - |47.6) 2.82] 1.02] 11.42] 6.26/42400; — | — | — | — — 
Maxim'm per day, . 
Concentrated food | 10.3} 1.03] .57| 3-41] .59|11800) — | — | — | — — 
Coarse food PE PAACA) 3:15). O7), P1- 30) O.90\4 3500 m= faa fm fh an 
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TABLE 15. 
Dairy Herd No. 2.—Statistics of Herd from Dec. 5 to 9, 1892. 
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Z gt Co gaan Bune ice S| bl alee 
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g Sq)" RFR/Eo| =) * | 2 [PRP RIES 

Yrs.|Lbs.| Mo.} Lbs. | Lbs..| Lbs.| %@ | @ | @ |Jobs. | bss) ibs: 
t| G. Jy., 1-5 .| 875] 4°| 20.8 | 26.2 111.71 3.4) 5.0}4.8) 2739). 3teee 
2| G. Jy., 7 | 850; 4 | 20.7} 21.8 |106,7| 4.6] 5.2/4.9} .98 | 1.13 | 5,20 
a| G. Jy., | 96 | 850]. 5 | 20.5 | 22,2 1105.3) 5.2 1 5.9 | 6:5)! 1.00 | taemunes 
6\'G. Jy., |° 41 goo) 1-1] 30.7 | 35-1 1166.7) 4.7 | 4:4 | 4,0) 1.26) Testo 
6] G. Jy., 8 | 825] 7 |} 14.7 | 27-8 | 81-7) 4.7 | 5.11 4,0) -74) ees eee 
8|G. Jy., | 9 | goo] 7 | 17.1 | 19.5 | 91.5] 4.9 |.5-4 | 6.2) .024 tees 
gh 'G. Jy., | 7 1 goo} 7-1 16.9 | r9.1 | 98.41 4.4) 5.04 4.9.83 | SOG ee 
10| G. Jy., | 4 | goo] 2 | 24.6 | 26.5 |129,1) 4.6] 5.7 | 5.0 | 1.13 | 1.51 | 6,60 
EG: Jy.; 4 | 850). 8 | 5.2 129.0) 80,7) 3204 6.0) 6:6) S301) eed 
12) G. Jy., | 4 }875|.-8 | 12.8 142.6 | 61.0) 6.4] 7-01 6.49 67 17 eeeeee 
13|G. Jy:, | 4 | 850] 4 | 24.0} 26.3 |194.1] 5.1 | 5.5 | 6.4 | 1-32 | 1.34 (ee 
14/G. Jy., | © | 850) 4 | 15.8] 17.7 | 84.41 5.5 | 5.8/5.6) .89 | 1.04 |4,81 
15| G. Jy., | 8 | 850) 6 | 19.5 |,22.7 1105.4) 5.0 | 5.4 | 5.8 | 1.05 | 1.23 | 0,09 
16| G. Jy., 7 | Sacsl 4 | 22.5 | 24.3 /118,9! 4.4 | 5.1: 47%) 12001 Peloamroe 
PEG ly4 8/1 875) 104 15.4 11913 19823) 4.0 4.8 |} 4.5 .62| .8018,70 
181 G: Jy., |7.| goo! 7] 17.01 19.3.1 91.5) 4-4 15.0 (4,746 Ba luo 
19] Native, | 10 |1000] 9g | 21.0 | 24.1 |110,5! 3.5 | 3.9| 8.7 | .76] .88/4.03 
20| G. Jy., | 10 | 975| 2 | 22.6 | 25.9 |124.6] 4.3 | 4-8 | 4.6] .97 | 1.22 | 5.68 
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Pounds of Food and Nutrients per Day per 
















































































Z% .| ToraL NUTRIENTS AND | DIGESTED NUTRIENTS AND 
tH ENERGY. ENERGY. 
KINDS vA S vo Am a 1 a pny 
OF cle lalfs| s/s ele]. loalsshem 
Fee, = (5 8) SL SSR) Bee |e | et eee 
cla ge rang ache Sena Eo OF | es 
Lbs; Lbs; LbssAlebsatLbss Cal ibs i bsiatis: Cal 
Middlings, - 14.7 | 2731.25 )-2.50).48.)2' — ls 68) :21 | 2,24) — eee 
Gluten meal, = - | 3.7 |/1.44| .18 | 1.69 | .06! — |1.25|.16/] 1.56, — | — 
Provender,t - | 3.0] .34| .13 | 2.02].16]} — | .22] .12| 1.78) — | — 
‘Total concentrat- |——-| | ——|——_- ———_ | —— | —__] —_- | —_ |- 
ed food, - - |I1.4}2.51| .56 | 6.22 | .70/1gg00} 2.05] .49 | 5.58| — |16300 
Good hay, - - | 7.2]..§6) .20 | 3.01 |.1.97}° — 4 .30).41 | 2198) —= ee 
Poor hay,- - 1 262). 19} 00 1 600" 4.021 i — seine) aon 03) eee 
Ensilage, - - 155-3] .74| .30 | 5.26/3-41] — ] .35| .24] 5.80) — | — 
Total coarse food,|/64.7|1.49| .57| 9.17} 6.00/33400] .74] .36 | 9.61; — |20700 
Total food, - |76,1)4.00 1.13) 15.39) 6.70 53300/ 2.79 .85 | 15.19; 6.1 (87000 
Minimum per day. 
Concentrated food|10.6/2.19| .50 | 5.96] .64/18500] — | — | — | — | — 
‘Coarse food, - |57-4/1.17| .44 | 7.39) 4.84/26800] — | — | — | —}] — 
“Potal == - |68.0/3.36; .94 | 13-35] 5-48145300] — | — | — | — |] — 
Maxim’m per day. 
Concentrated food/11.8/3.04| .60 | 5.90] .77|/20600) — | —°| —\| — | — 
Coarse food, - |66.2|1.80| .68 | 10.75) 7.06/36500/ — | — | — | —| — 
otal, or - |178.0/4.84/1.28] 16.65] 7.83/57100) — | — | — | —]|] — 
* Calculated from 4 days’ test. + One part oats and two parts corn. 
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A STUDY OF RATIONS FED TO MILCH COWS. 71 


: TABLE 16. 
Dairy [Lerd No. 3.—Statistics of Herd from Dec. 12 to 17, 1892 




































































S 2 MILK FLow. epee YIELD OF Far. 
S o < aS . Res (ota ) > laa 
© Breed. a 2 ae ae sel egy Teepe ls & aes 
o SietlsO|/aA;yaes} & a S | =Al] eQ dS 
Oo OHS eiSe lols lel) Ps ley ley] 
e me aoa Foe |S a} 8|" Res 
- |¥rs.|Lbs.| Mo.| Lbs. | Lbs.|Lbs.| @ | @ | @ | Lbs. | Lbs. |Lbs. 
Bey .s 07) QOO| 0 | 25.2 1.28.9 $198.8/-3.5-4 453) 3.8). 291 | Te11,|4,98 
ants ly, 7 |g00} 12 | 14.0] 16.1 | 75.4) 5.6| 6.3/5.9] .85| .o4 |4.45 
Omi }¥-n | G | 850} 13 | 2158} 25.5 1115.0) 4:11 5.9 | 4.8.91) 1.50 |5,58 
wR. fy., ON S26 1 eo | 230540 PLOT OR are te o.) 48) tras. 26.15; 99 
Bie Ya, 2) 800 Pid 12.8 ira. Tf) 66: Oisers 6.2. 6.0 + 268), 87 Payne 
6| G. Jy., Bo 77s | eR O10 22a PLOT eaeeh Sok oa fe 07 | 1x08 O706 
peatye & 4.1775) 17 | 5:41) -O-6 |.86.41'5:8)! 7.4 16:31 40 | .58 12,98 
me y= 9), 800.)013 | 11,5 | 12-7 (60;9N5.8) 6-4 PO} 273 1, <8 84 
SiG. [y., 5 Pees |) 2 | 2524-29 1 Loa) 4d Steg | 1:22 11237 4 6/67 
PorG. jy., |* 4 1-750! 4 | 15.71 18.2 | 85.814.615.9/ 6:8) .72| 1.07 |4.52 
PeWative, } 7 | 875} 1 | 25.6'|-20.8 | 140,29) 3:9 | 4:51 4:1] 1.09 | 1.20 15.75 
BaunGrTy!, Be ee | A 2,016.4 1 69.9h.ss2') Ged O69 1. 5,68.) 03.44.48 
Sey, } 2/650) § | 9.5) 10.7) 61.1) 4.04 6-5 16.7) 438) .66 19.94 

















Pounds of Food and Nutrients per Day per rooo Lbs., Live Weight. 











































































































is TOTAL NUTRIENTS AND |DIGESTED NUTRIENTS AND 
D |. ENERGY. ENERGY. 
1, > 
KINDS a0 2 2. rs o - 
_OF Pee, be ah eo Pa baer bata tea o | a Bg 
FEED. wae OTS bors Oo ees 2 | che aires G 
4 ee oP OR ee he SO Ss lee 
rap a Be ee eee wens | oe hey ath ed 
Lbs.|Lbs.|Lbs.| Lbs. |Lbs.| Cal. |Lbs.|Lbs.} Lbs. Cal. 
Cotton seed meal, | 4.1 | 1.78) .38} 1.15) .25| — [1.58] .38} .86; — | — 
Setaren meal - 1-4/1) ) 255) 30) 1.73). -239) —: |) 48). 26) 7.65, — | — 
PrOiOvanrals = 1 315.107. 90). . 28) +2029). LSh l=" | 2.331.239) 2.14) — |= 
Total concentrat- |——|-——|———/-——_ aa 
CUMmOod tae 4.) 10.7) 2,71) -.96!..5.11) .63119700)1 2.30) ».87|. 4.65) — | 16770 
Hay, - - Se TT1.O, .OTh. 1330. 4,.00).2-94) > .33| .18| 4.74, — | — 
Stover, - ee oS). A2t . 2Oh 4.00) 2. O0yeene en Bae NEO Ao |temn ee 
Potatoes, - Pie: LTS cOl leo OA o7| — | 1.16) — | — 
Total coarse food,|27.9|1.20| .54|10.10| 5.64/33800] .62] .28) 10.13] — |21180 
Total food, - |88.6| 3.91) 1.50/ 15.21) 6.27/53500) 3.01/ 1.15| 14.78) 5.7 |37950 
Minimum per day. 
Soncentratedtood,|. 10.7) 2.74). .96| 5.12) ..63/19800);— | —— | — |'— | — 
Coarse food, = |25,8\/1.11] .49| 9.22|4.99/30600) — } — | — 9} — | — 
Total, - PnaO 503: O51. 45) b4544)5 atsOdOOlr) ya, | er 
Maxim'm per day. 
oncentrated 100d, | 10.7) 2.68) .96) 5.20). .62)19800) — | — | — §|— | — 
Mee seroor et.) 30, 2| 1.30) ...59} 01.001.0.3 7137300) |=) fo 
‘otal; «« gO) 320.04 12541202201 On Ore 7 < OO seamen: [pies | ee | ae 
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TABLE 17, 
Dairy Herd No. 4.—Statistics of Herd from Dec. 19 to 24, 1892. 

























































































: e Ee MILK ae caine pame eeactan YIELD OF i 
o ale : : Wg j : ; _ 
Bt Saat ‘D oa Ge ee 2 ¢ 4 eA af eee 
Z > BRSelse|2a|S18) 2 |Seleeiee 
Se So ere <|o 8) alee 
Yds.|Lbs,| Mo.| Lbs. | Lbs. | Lbs.| ¢@ | @ | @ | Lbs. | Lbs. |Lbs 
EEG Bae 6.1990) 3°) 11-1} 13.4}. 60.8|-5:1 1 5.4) 6.8) 58am ore 
2| G. Jy., 7-| goo |. 2: | 19.0 | 22.2 |109.614,.8) 5.5 | 6.0 ) cont eee 
3, G. Jy., |-05 |890] 1 | 13.6] 16.0+- 78,6)'4.91 5.3.1 G1") 268) Benue 
4\.G. Jy., |. 7 |850| 3 | 17.7] 19.2) 91.4) 4.17 | 4.6/4.8] 172). Bs 9g.80 
5) G. Jy., 496 | 875) 7 | 14:2) 15-7 | 75.6) 5.4) 5.8 16.6] 82) seo tees 
6} G.vJy., 1/5 )850| -1 | 16.8) 17:9 87,8) 5.4 | 6,2 Gate .oqs Taramegmes 
Ve sly, KB | 828! 4 | 15.6] 16.0 | 89,115.71] 6.7 Olde 1.05 1734008 
8| G. Jy., 21775} 8 |10.4| 11.1 | 64,01 5.6) 5.8}6.7| .60) (63 73,08 
g| G. Jy., | 2 1775] .7-| 11.74 15.0 |: 63,0).5s2'| 5:6 | 6.4) 263 eye aee 
101 G. fy., | 4 1875| 41 | 21.2% 11.44 56.6).527 | G:14°6.0 | 265] somes 
PEAGS Sys, 8 | g00} 10 | 9.8 | 12.5 1-57.41) 6.7 1 7.1) 6.9) 1704. soqeiasee 
¥2) Ge [y., 2 |810/| .7 | 10.0] 13.5 | 60.5) 4.8) 5.3); G/L 1 253) womans 
Tahal ys; 2.|600} -o | 13:2] 14.4 1° 69.0) 3:6 | 4.3 | 40 [52 ) eee 
14| G. Jy., | 2 |600|} I | 12.5} 13.5 | 67,9) 4.7 | 5.41 5.0; .60) ea aguaG 
16)°G. ohy?; 8 | goo} 2 | 21.9] 24.1 | 117.4) 4.1 | 4.4 | 4.2] .97 | 1.01 | 493 
FG ROT, 8 |875| 1 |.15.9| 16.7.1 81,6) 6:3 | 6.9 | 6.6 | 1.00 forage 4 
r7| G. Jys5 | 2 | 600]. 2 \}-10/1 | 10.9.) 65,1) 4:6 }-5.4 15.0} +40 jaoome are i 
18] G. Jy., 2 |625| 4 | 12.9 | 13.8 |: 67.41.5:7 45.81 0.0) — 74ers oe . 
tg] G. Jy., 5 | 725) 4.) 15.5 | 18.5 }.89.1|. 5.1 | S.4 i beads 26O tomes 





Pounds of Food and Nutrients per Day per rooo Lbs., Live Weight. 



















































































IZ ToTAL NUTRIENTS AND | DIGESTED NUTRIENTS AND 
Fa Dy ENERGY. ENERGY. 
KINDS @ Ae er 
OF oo) Os | poles! see b On een ee 
Peep.” (28) 8 | 2 (ta|2 |eal es |e (yee 
<q ay Z are ee ee On) ea eae 
Lbs.|Lbs.|Lbs.| Lbs. |Lbs.| Cal. |Lbs./Lbs.| Lbs. |Lbs.| Cal. : 
Wheat bran, = 3.71 GOS) 1B) p28 28 Tle .48/ 13] I.44) — | — e 
Cotton seed meal, | 1.5] .71| .15| .42| .o7/ — [| .63|.15 | .31] — | — 4 
Cob meal, - - | 5.4] .48} .22] 3.82] .16] — | .36).18-| 3.24) — | — é 
Total concentrat- | ———|——-|——- |-——_ ——— | — _ — }-—_ | —— | —- ? 
ed food,- =~: | 10.6/1.81] .55| 6.27| .54/18300|1.47| .46| 4.99| — |14000 i 
Hay, - - | 21.4) 1.57] .71£| 8.90/5.00) — .85) .39 | 8.36) — | — 1 
Stover, - oat. Dl 5 SRF S15 es3 04) ZOO .30} .08 | 3.31) — | — s 
Total coarse food, |°30.5| 2.14} .86] 11.94] '7.06|43000} 1.15) .47 | 11.67} — |25800 } 
Total food, - | 41,1) 3.95) 1.41) 18.21) 7.60/'61300 2.62 .93 | 16.66) 7.0 |39800 
Minimum per day. +‘ 
Concentratedfood,! 9:9/1.75| .§1| 6274) .s2't7os0| — | — | —) =e 7 
Coarse food, - | 29.3/2.05| .82| 11.40) 6.76 41050) — | — | — | — | — ¢ 
Total, | - - | 39.2| 3.80} 1.33] 17.14] 7.28 58100) — | — | — | —]}] — i 
Maxim’m per day. ; 
Concentrated food,| 11.2|1.79| .56] 6.72} .54 Ig200) — | — | — | — |] — 
Coarse food, - | 34.0] 2.37] .g2|13.17|'7.85 47400) — | — | — | — | — 
Lotal =e - |45.2| 4.16] 1.48] 19.89] 8.39 66600}; — | — | — | —} — * 

















* Calculated from four days’ test. 
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TABLE 18. 
Dary Herd No. 5.—Statistics of Herd from Dec. 26 to 31, 1892. 


A STUDY OF RATIONS FED TO MILCH COWS. 
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fe) lo 
A , es 
o : + [A 
=| Breed. | & | ‘0 nO 
5 <q | 8 |S2 
on eT Sic 

fa a 
Yrs.|Lbs.| Mo 
ErGr.Sy:, 37 FOO 1 3 
ig CS 5 ae cial 
Br fy.teAy-| *2 | 600; I 
4| Native, | 21575] 9 
5| Native, 6 | 800] 8 
6| Native, | 12 | 800] 3 
7| G. G., 9 |925| 2 
8) G. Jy. | 9 |875| 4 
g| G. Hol.,| 6 | goo}: 10 
Sows. Fiol.,|° 6 8751 ‘9 
11| Native, | 10 |g20| 4 
12} Native, 6/850] 4 
$3) G. Jy., 8 |875/ oO 
14| Native 6 |800} I 
Fopis Ay. | 20 |\800|. 2 











hobs 


MILK FLow. 


Min. 


per Day. 


13.6 
24.1 
17.9 
10.6 
16.3 
19.2 
2354 
13:8 
14.9 
ie Fy 
10.2 
E752 
31.8 
24.0 
18.5 





DAILY PERCENT- 
AGE OF Fat. 


YIELD OF FAT. 








Max. 
per Day. 


| Total in 





Lbs. 
14.9 
24.8 
20.1 
II.4 
17-9 
roa Tae 
25.4 
15.3 
15.9 
15.5 
21.8 
19.5 
34.9 
26.7 
22.8 
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Oe UG 5 oi 02 Ola 
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Min. 
Max. 
Average. 
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Total in 
5 Days. 
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—1 
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eT ey 
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Pounds of Food and Nutrients per Day per 1000 Lbs., Live Weight. 








KINDS 
OF 
FEED. 


Moraitiss | =~ = 


Ensilage, - - 
Hay, - = < 


‘Total coarse food, 
‘Total food, - 


Minimum per day. 


Concentrated food 
Coarse food, 2 


Total food, - 


Maxin’m per day. 


Concentrated food 
Coarse food, - 


Total, - - 


Average Fed 
per Day 





153.2 


Bit 
53-7 


(61.8 





| Protein. 


OSs: 


2.64 


-77 
hard 


“90 
4.54 


2.65 
Ps7 


4.43 


2.63 
25i2 


















































Tora Nutrients AND { DicestED NUTRIENTS AND 
ENERGY. ENERGY. 
aod ' Ss) =e, 
elfc/sj/8| 2). \e¢es| SS 
&|40/2/8a/ 8) |S2 iS] 36 
Fe IO AN eet Oy be 
Lbs.| Lbs. |Lbs.| Cal. |Lbs.|Lbs.| Lbs. | — | Cal. 
.88] 3.39] .31/15500/ 2.20] .76| 2.64; — |122c0 
37 7-32) 3243) Oo 1 2551 1 80l> 7.20) 
.36| 5.11/3.88} — | .61] .19} 5.35] — | — 
—— a LS TREE So eR SL Fate 
.73| 12.43] 7.31/43300| .96| .49|/ 12.55} — |27200 
1,61) 15,82) 7.62 58800) 3.16) 1.25; 15.19) 5.7 |39400 
SOl  3i42h SE TShOOi = aE a i 
.67| 11.39] 6.77;/39900] — } — | — | Sad cee 
1.56) 14.81] 7.08/55500) — | — | — | —]| — 
5 87)° Gio Sir gt eee) ee pecs Wea bee 
-82)14.16) 8. 20/{9000)-§— 4 =— | | — 
1.69| 17.54|8.51|64400) — | — | — | —| — 


4.75 























* 100 lbs. wheat middlings, 125 lbs. gluten meal, 150 lbs. cotton seed meal. 
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TABLE 19. 
Dairy Herd No. 6.—Statistics of Herd from Jan. 2 to 7, 1593. . 
fo) v DaILy PERCENT- | 
Fd 2..| MILK FLow. aGE or Fét.> |) \ ehD OR fae 
gy 3 | = Ms 
ge le eel a ele ele ® |e) ee \ 28 
iS S)/e4/8O/sQ|s8| 2] se] & fA) sQ\aa 
2 sdiSsleu|o Soe ee ee 
ee ry a, a; ” <j oh Oe eV i8 
Yrs.|Lbs.| Mo.| Lbs. | Lbs. | Lbs. | 4% % % |Lbs.| Lbs. | Lbs. 
UG. Jy.; 3.;-740| .7.| 8.61 11.0} 51.2) 4.976.416.8152) epee 
2|-G: Jy. | 31. 750)'.9 | 5.7 | 6.7 | 81.5} 4.85.4) 6.0: 309 pea aml eee 
BPs | ye, 6) 775) rr | 4-2) 6.5 | 98,96,2 19.8 1)7. 95 oat a ee 
4|G. Jy., | 4 | 775) 12 | 11.4] 13.9] 62.2) 5.8] 6.5 |6.1|.67| .90} 3.79" 
S| Gawly:, g | 800) 9 | 12.8/ 14.8] 68,5) 5.0/ 5.7] 5.8] .66| .81]| 8,57 
6} G.4gSw-|. 7 | 825) 7 | 13.7) 16.2] 78.8, 4.5 | 5.7 | 6.0o3 |) .6rm eaves 
5 G. 34{Sw. BpOO0! 72 22.7 20.1 122.7 255) eT Cag -57 | 1.02 4,28 
8} R. Sw.| 5 |r100] 7 | 11.0] 11.6] 56,8) 4.41} 4.8/4.7] .48| .55) 9.68 
9| R. Sw.| ‘9 |ro5o|. 2 | 24.4 | 28.1:1198.6) 3.0 | 4.1 | 3.6 | 814 tera aes 
10} R. Sw.| 11 j/EIoo} 5 | 20.2 | 22.6 |107.4) 3.7] 4.0/3.9] .78| .90| 4,15 





























Pounds of Food and Nutrients per day per rooo Lbs., Live W. erg ht. 
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ss ToTAL NUTRIENTS AND | DIGESTED NUTRIENTS AND 
ans - > ENERGY. ENERGY. 
OF ba v ESE Oh 2 T)o pee 
FEED. Feo) | 4 Beg > Si 213/63 een ass 
2" sle |#H/2/S8/s\a |eBleSi as 
a pa Rem bio OS ee 
Lbs.|Lbs.|Lbs.| Lbs. |Lbs.| Cal. |Lbs.|Lbs.| Lbs. Cal. 
Corn meal,- - | 3-7 |. .371).16 |. 2.00} 04)" — ). eriaed elaine e834 
Wheat middlings, | 2.0] .38] .12| 1.05} .13} — | .30] .r0 .QI| — — 
Cotton seed meal,/ 1.8 | .81| .26 43) 403) | Saal e6 34h a= 
Total coneentrat- |——|———-| | ——_- se at palriailey es PASS Sy LS 
ed food, - - | 7-5 | £.56) .54| 4.19] .20/13400]1.23] .51 | 3.58] — |1r100 
Oat hay, - - | 4.7) .26) .13 | 2.06/1.35) — | .14].07] 2.04| — — 
Hay, - - - |14.4) .83) .41 | 6.43/3.83) — | .48| .231 6.16) — — 
Stover, = ~ 19.51.35) 121) 2.5611. 72) i SPO GOO Oa ieee —— 
Total coarse food, 26.6) 1.49] .67 | 11.04/6.90/38g900) .80} .36 Pees — ane 
Total food, - 84.1) 3.05) 1.21) 15.23) 7,10/52300) 2.03] .87 | 14.55! 8.1 134500 
Minimum per day. 
Concentrated food} 7.4)1.56| .55| 4.06] .22 13200] — : ooo eee pale 
Coarse food, - | 25.6) 1.44) .64) 10:72) 6.70\47800| —= 4 —= | =o 
Total, - - | 33.0] 3.00] I.19| 14.78] 6.92/st000] — | — cen ae soak 
Maxim'm per day. | 
Concentrated food] 7.5/1.38| .49) 4.32] .20l/130s0/} — | — | — | — abe 
Coarse food, - | 29.2/1.62| .71I) 11.95] 7.49|42150| —°| — —|— — 
Totals. ss - | 36.7| 3.00] 1.20) 16.27) 7.69/55200] — | — 5 he ie ms 
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A STUDY OF RATIONS FED TO MILCH COWS. 


TABLE 20, 
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Dairy Herd No. 7.—Statistics of Herd from Jan. 9 to 14, 1593. 



























































Average. 





a ven 


COONTHOMROArFODMDOrHOOrF, 


© ILY PERCENT- 
ie ee = MILK Flow. ea rit eR 
Spaeth e ; : i 
- Breed. & ae ay ae) 28 a a tee 
3) s |e 6 =z | €AleS] = | s 
p4 Be Cat Sh ri pst ee Pa a Ss 
= By ie eae pee 

Yrs.|Lbs,| Mo.) Lbs..| Lbs: | Lbs. | % % 
Petre rlol si 7 8501097.) 21.6\'22.9 PILL 60.4.3.) 4.5 
Peavey}. .S. 1 9001 > 4 | 25:01'26,2:;197.3) 3:54 -4.3 
Berto ee 30) 850) "5.1 24.9} 28.1) Lodo) 20911 3.3 
4| G. Hol.,| 4 | 825] 2 | 21.3] 24.0|111,8) 4.0 | 4.3 
5\G. Jy-, | 8 |925| 6 | 13.8) 14.8 | 70.6) 5.7] 5.9 
OG. yy...) 8 1775) .2 | 14.8) 17.0) 896.4 | 6.8 
Miers | Vic, ©1050 | Tv) 2r40. 22.8 MLO asa s.1 
BiG. ly; Selse 61813 | £8.91 99.96 4.94 523 
traktor, 1? O26 1° 5 1 252°) 24.21 110 BF aia) 'c.0 
Pom, Ay., |. 7 1850| 6-) 15,6)) 16-7)" 83,7) 4.47 4.8 
Etre, bss MIO, Ss F-25501. 27/2 A dooee sik a 355 
12| G. Jy., 5 1850} 9 | 13.3 | 14.3 | 69.2) 6.3 | 6.8 
raisNative, | 9 | 825 | 4 | 20.2 )/22.5 | 106,6)-3:3 1 4.5 
Tato. Ay, | 84) 800 |. 8 | 16.9 | 17.7 | 86;21.5°4.) 6.1 
Peer ttOl. 5 | oan) 97 1.17.2 167-8 | 85,3) 4.0-14.4 
16| Native, FUSE SO Shy 27S kOe aes ded 
_17| Native, Pe hOROt oO TOS 1799 by 6.0) 3204-5. 


HS 2 HS OTR @> G2 HA HR OTS O> O1HE COG HB 














YIELD OF FAT. 











,a|.8 ov 
aAlge 
S| Sie 
Coes 
Lbs. |Lbs. 
.99 |4.86 
1.08 | 4,84 
Stored 
1.03 |4,57 
84 |4.07 
1.09 |5,386 
Ti16 (6.27 
.99 |4,78 
T.19 | 5.60 
PIG OLLL 
.95 (4,56 
.94 |4.55 
.96 |4,384 
1.05 |4,96 
-76.13,00 
1.06 | 4,98 
.89 |4,15 


Pounds of Food and Nutrients per Day per 1000 Lbs., Live Weight. 





KINDS 
OF 
FEED. 


Provender,* 
Wheat middlings, 


Concentrated food 
Hay, - 


Total food, 
Minimum per day. 
Concentrated food 
Coarse food, 


Total, 
Maxim’m per day. 
Concentrated food 
Coarse food, © 


Total, 

















TOTAL NUTRIENTS AND | DIGESTED NUTRIENTS AND 



































’* Said to be one-third oats and two-thirds corn. 
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o ENERGY. ENERGY. 
mH > 
an : o wit : ~ lo aay 
a Sia lea] 8 abl €)./s8lés|eR 
oo| ws 3 be Se Le yeah pees eh ee oj fe Sees 
Be Ahonen Wm cfc ate Wa a ono A 
- ae ga) Bla") 2a 
Lbs.|Lbs./Lbs.| Lbs. Lbs.) Cal. |Lbs.|Lbs.| Lbs. Cal. 
Sess) «0. 5yOonee aah es .54| .34) 5.10) — | — 
5.6) 1.14) .36) 3.01) .30) — .gO| -.3I} 2.60) — | — 
14.1]1.97| .74| 8.96} .51/24400| 1.44) .65] 7.70) — |19740 
24.4/1.86| .81| 11.23) 5.87|38700| 1.00) .44/10.30) — |22860 
38.5) 8.83) 1.55) 20.19 6.38/63100/2.44/1.09 18.00) 8.4 |42600 
13.8} 1.93} .73} 8.83) .50/24050/ — | — | — | —|/ — 
Bel B2hoi. JOS Ol0 71 5c 791 Sn LOOM eo i foe 
Bet Sey Sit 51719. 6OLG 2561800 Pi) 
13.8|2.00| .75| 8.99) .51/24500] — | — | — | — | — 
25:01.1:8G) +82) TE.4810.00139500)(—— | — | fet 
- | 38.8] 3.89] 1.57] 20.47, 6.51|64000/ — | — | — | —] — 
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WA Eine 21° 


Dairy Herd No. 8.—Statistics of Herd from Jan. 16 to 21, 1893. 













































































DaILty PERCENT- 

S y MILK FLow. ack oF Far. | SJELD OF ats 
a , jes 
8 Bal R eel sec ae tae ean a a 
g| Bee] &/ eo Balaa)galSal 2) 2 | P| eta lee 
& SIS SSS. SS) a eo |S oe 
O O 0 | 0 = w S O EON 
, = a, Qn] sis |< a, A. |S 

Yrs.|Lbs.j; Mo.| Lbs. | Lbs. | Lbs. | ¢% % % | Lbs.) Lbs. ps: 
1| G. Gy.,| 8/850] 5 | 16.3|18:6| 87.6) 4.1 | 5.7|4.9| .72 | 1.03 |4:86 
2|R. Gy.,| 41750] 3 | 14.1 | 16.0] 75,61 4.9/5.6|6.2|) .72) .8613,.98 
gt R. Gy.,:| 4.600] 4 | 11.7.1 14.0] -68.8)-4.7 15.67) 626.55) eee 
4| R. Gy., | 3 | 700] 11 | 6.8] 8.07} 88.0) 4-3 |-6.0) 5, Giles. 345 See ae 
at R. Gy.,| 21525). o | 17-7) 18.6): 90,41 4.31 5.20¢efa 1 7ON te cee 
6) G. Gy.,| 5 | 750] 2 | 24.1 | 26.0 | 126.2! 4.0 | 4.3 | 4.2] .99 | 1.08 |5,26 
“| G. Gy.,| 3 |700|. 2 | 17:31 19-8 | 98.4 4:2) 4.9 (450 |) 281 ieee 
8} R. Gy.,| 7 1750} 2 | 13.9) 16.4.|. 78.8/'3-9 | 5.1146) 7637 sea 
9| G. Gy.,| 10 |850| 4 | 13.5 |14.6| 69.6) 4.9 | 5.2} 5.0) .62) .73 18,42 
10o| G. Gy.,| 71850] T | 23.3 | 26.9 | 124.8] 3.5 | 4.9 | 4.2] .98 | 1.20 |6,99 
11) G. Gy.;| 5 {700} 2) 15.1 17.0] 80.6) 4751 5.0.1) 4:8.) 2 OSes seo 
12| Native, | 13 |900| 2 | 24.1 | 26.2 | 127.0] 4.2 | 4.5 | 4.8 | 1.04 | 1.16 |5,50 

















Pounds of Food and Nutrients per Day per ro00 Lbs., Live Weight. 








_ KINDS 
OF 
FEED. 


Grain,* — - - 
Hay, - - - 


‘otal food, ~~ 


Minimum per day. 


Concentrated food 
Coarse food, = 


Rota le es = 


Maxim'’m per day, 


Concentrated food 
Coarse food, 3 


Otals ate - 


a 


~ Average Fed © 
per Day. 





| Lbs. 
2857 
40.9 


“11.8 
(23-5 


3503 


| 12.7 
34.6 















































47-3 


TOTAL NUTRIENTS AND 
ENERGY. 

o s < 
=| Dire eee 
Dab tae Log eee 
oO | & |} 8h = 8 

5} 
Ay Zi oes: 
Lbs} LbsatLbs.) jos. Gak 
2.08} .64| 6.47] 1I.23/20900 
2.98] .79|11.75| 7-74/45100 
5.06) 1,43) 18.22) 8.97/66000 
2.02| .62) 6.26] 1I.19/20250 
2.44) .65| 9.64) 6.36/37050 
4.46) 1.27)15.90) 7.55/57300 
2.16] .66) 6.73} 1.28/21700 
3-59) -95!14.17) 9.34|54400 
5.75| 1.61] 20.90) 10.62/76100 





DIGESTED NUTRIENTS 
AND ENERGY. 

















7 5! o ten 
£ 82 sla B 
S/Sl/fEES|> o 
E |" SB" ba 

= 
Lbs. Lb Lbs: Cal 
1.60] .50) 5.35} — |15050 
1.56] .43/ 11.60] — |26300 
3.16] .93) 16.95] 6.0 41350 





* Grain consisted of: Wheat bran, 200 lbs.; cob meal, 300 lbs. 
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| TABLE 22. 
Dairy Herd No. 9.—Statistics of Herd from Jan. 23 to 28, 1893. 









































5 e | Mitx Frow. che eel YIELD oF Far, 
y : ea NAD 
pecbreed. | bo) jar) st ost ay Oe sd Em ere Ber 
f} °)*/2 lease] as jee| ei 4) o)e2)4sleg 
) lat ieS ra Scones 
es Sah ieee oe Se RES See 
Wrs: i lbs.) Mo.) Lbsi-- Lbs) Ebsistg 15g) |= | Lbs. | Lbs. (Lbs 
EpReGy.,} Ir | 925) 4 | 16.0 | 16.8:| 88.7) 4.3.1 4:5 | 4.4) .72 | .76 18:66 
2| G. Gy-, | 9 | 900] 3 | 23.0| 24.1 | 117.4) 3.5 | 4.1|3.8| .82 99 | 4.51 
3) G. Gy., | 10 | goo) 3 | 17.5] 19.4] 98.9) 4.4] 4.6) 4.5] .81 | .89 | 4.26 
4| R. Gy.,| 8 | 925} 2 | 18.9] 19.5 | 96.4) 5.2/ 5.6/6.3] .99 | 1.09 /5.16 
5| Native, | 13 |1000] ro | 16.0| 18.5 | 85,6] 4.4| 4.5 | 4.4) .72 | .83 |8.80 
Opke Gy., |) 4 |-800) 2 | 13.9} 15.0) 71,7)-3-8:| 4.1/4.0] .54 | .60 13.86 
aeeveerys, (525 -\=S350) 2°) 10.3.) Fr.0 $468,0N5.4:155.8 | 5.5 | .56 61 | 2,93 
Bia ay., |: 6 | 80010 | 12:1 }.12,8"|. 62.3} 5.0] 5.406,2 | .62 69 | 3.26 
emoaye he Ap g25|) 8°)'1327 1215:0 | 71, 7)-4.01) 5.0 94.9 | .65 | .74:1 9:60 
ror G. Gy., | 5 | 900], 4.| 8.1-|.5.9 | 28,4) 4:8.| 5.2 | 4.9 | .26 30 | 1,41 
miele Gy., |) 6 ).825) 3 | 10.6) 11:3 | 64.8) 4.4) 5-5 |4.9 | .490 6r 19°71 
b2G.Gy.,) 5 |°900| 3 | 15.9) 17.81 84,5) 4.9] 5:6] 5,1] .80 97 | 4.34 





























Pounds of Food and Nutrients per Day per tooo Lbs., Live Weight. 








TOTAL NUTRIENTS AND | DIGESTED NUTRIENTS AND 














y ENERGY. ENERGY. 
Kinps mH Qo. eae en eo 
OF %A| ai pyoRice tea: (un (eer te St tet Bs 
FEED. Been fc Tht: eo ctr. Or Prem fe ee PE ype 
SiS | Ae bo ee Re Eloi S 
a. | a Z Ba §3 |a7 | 5a 
Lbs.|Lbs.|Lbs.| Lbs. |Lbs.| Cal. |Lbs.|Lbs.} Lbs Cal 
Seat.) & - | 7.4) 1.62} .65| 3.81] .22/13240|)1.20} .58 | 3.14) — |10500 
Hay, - - Gee 4 Baer 4.75) 3.16 — | .39) .13| 4.73) — — 
Rowen, - - | 5.1) .64|} .18] 1.78!1.08} — |} .40} .08) 1.89 — | — 
Stover, - - | 95.1) .32) .O7| 2.1511.38) — | .177.04]} 2,29) — | — 
Total coarse food, |22.2| 1.68) .49) 8.68/5.62/31760} .96| .25 | 8.91) — |19450 
Total food, - |29,6 3.80 1.14/ 12.49) 5.84/45000| 2,16) .83 | 12.05) 6.4 |29950 
Minimum per day. | | 
moncentrated, 1000) 6:6) 1.46]. :58)".3.43) .20;/Tr900) —. 1) — —|— a 
Coarse food, - |20.1/1.56| .46| 7.85|5.08/28900, — | — | —|—] — 
‘Total, - - | 26.7| 3.02| 1.04] 11.28] 5.28|40800) — | — | —]|—]| — 


Maxim'm per day, | 
Soncentrated food) 7.7) 1.68) .67|. 3.95) «23)13 700) — }.— |. =- | — | — 
Coarse food, = }23.4|1.77| .51) 9.22) 5.97|33700| — | — | —}|— |] — 






































Total, - - |3I.1| 3.45} 1.18| 13.17) 6.20/47400] — | — | —|—]|] — 


* Grain mixture consisted of 300 lbs. corn meal, 150 lbs. wheat bran, 150 lbs. cotton seed 
meal, and 150 lbs. cream gluten. 
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TABLE 23. 
Dairy Herd No. 10.-Statistics of Herd from Jan. 30 to Keb. 4, 189}. 


















































. u - MILK FLow. praesent VIELD OF FAT. 
4 OM prota es Sh We ca Wraee Pree S Rag ep 20 
| Bred | 2) @ Sa esi xslae| a] 2) f/ss|eelee 
ee SF lediSolse|SO|s |S 1 8 | Se we eles 
= fo Ee Ta Ge Ph < oY a, | 
Yrs.|Lbs.| Mo.| Lbs. | Lbs.| Lbs.| %@ | @ @ |) Lbse| Lbsaiizne 
Taye, 7 828). °9 | 11.5 |) £3.24) 69.6).4:9:) se5°| 6.0 [202 ae eee 
2\°G. Sy... | 28 1875 |. 7) 12.2°1:23.741, 80. 15.0.) 6.24. Buk rad lees 
3\:G.. Jy.,"| <6 | 8975). -— | 14.391 15.7 | 76.8).424 4.61464) 6s he Omgeae 
a\G. Jy:, 23. | 800) 07} .15.0) 17.4') 78.6). 4.9 75.6 Dak 27) eeeaeeene 
BR} Pe jy.y) 8°) 925) .0 | 25,94 28.2) 186.1l-4:7 | 5:3. 76,0 ) 1.20 (a aie 
6} G. Jy., | 4 |800] 4 1|17.4] 18.5! 90.2) 4.0] 4.4|4.8} -74| .80/3.85 
“| G. Jy., | 61975] o | 36.8! 38.8 |189,.5) 3.8] 4.2 | 8:91 2.44] 1.55 | 7.09 
8| G. Dev.)| 8 | 900]: 1 | 21.6.) 23.1 }112,6) 3.9 4.5 | 4.21 .90) 1.049 2% 
of G. Jy.,.| § |875)|..0 | 26.6.1 28.5 1137.9] 4.84 5.41. 6:1) 7,38 ) doe 
40)°G. Jy:, |95. | 850) -2°| 21.91 24.3 |116;5) 4.9:45.3 54.9 | 105") ts toe 
11| G. Jy., | 5 |825| 2 | 19.4] 20.6 |100.5] 4.0] 4.3/4.1] .80] .89 | 4,15 
Ni Oy ae 94.9778 1 AL SO, Taree. DO Le G 1G odege. 60 79 | 3.60 
13) R. Jy:, |. 3:1 800} -3.|.13.34 13:9}. 76.21.4.9 | 6.57 6:01 2771 cameane 
r4| R. fy.,.| 3/825] o | 30.7} 34.9 | 163.5! 3.5 } 3.6) 3,5) Ero] T2290 a7G 
hoes ea hae 2 |800| .2.| 12,3) 15.2) 71,8|.3.91 4.4 | 4.4% 54.) G5 eee 
16| G. Jy., 5 1850] Oo | 25.9 | 28.1 | 136.2) 4.5 | 5.1 | 4.7 | r.19 | 1.38 | 6.42 
Dre Cae bys) 6 |800} 4117.9! 19.0] 91.5] 4.5} 5.1} 48) .81] .o1 | 4.38 
18| G. Jy., | 6 | 825] 4 | 19.3] 19.8] 98.1) 4.5|4.6|46! .89! .or | 4.48 








Pounds of Food and Nutrients per Day per rooo Lbs., Live Weight. 








TOTAL NUTRIENTS AND | DIGESTED NUTRIENTS AND 



































Mo) 
eee! ENERGY. ENERGY. 
KINDS is a _ = 32 : 
OF wAl ¢ 0 ced ia 1 Le ) es 
FEED, Syl es |e |x| BS IZR) s] 3 lSe eee B 
PO ol/m |Hh le | eel ole | acloe| ees 
ie aye Z Be) & COPIA |n& 
Lbs.|Lbs.|Lbs.| Lbs. |Lbs.| Cal. |Lbs.|Lbs.| Lbs. ak 
Grain,* - - | 8.2)1.57] .55| 4.62} .27/14300/1.09] .50 | 3.721 — |11100 
Stover, 4 - | 6.9] .33| .14] 2.85)/1.92) — | .r7]/ .08| 3.09) —| —= 
Rowen, - - |10,2/ 1.31) .35| 4.05|2.25) —- | .81|.16| 4.15) — — 
Hay, - - - | 5.2} .47| .18| 2.26/1.30] —— | .25].10{ 2.08) — — 
Total coarse food,|22.3}2.11) .67] 9.16] 5.47|/34000] 1.23] .34 | 9.32} — 21000 
Total food, - | 80,5) 3.68) 1.22) 18.78) 5.74/48300) 2.32) 8.4 | 18.04/ 6.4 |32100 
Minimum per day. 
Concentrated food) 8.1)1.56) .55) 4.60} .27;14200) — | — — | — — 
Coarse food, - | 20.6}1.96) .61) 8.44|5.01,31200/; — | — | —|—]| — 
Total, - - | 28.7) 3.52) 1.16) 13.04] 5.28/45400| — | — — | — — 





Maxim’ m per day. . 
Concentrated food} 8.0/1.54] .54) 4.52! .26/14050; — | — | —|— | — 

















Coarse food, - | 26.4/2.50} .79| 10.85|/6.43|40o150/; — | — | —J|—| — 
a otal, = - | 34.4] 4.04 1.33 15.37|6.69/54200! — | — —|— —— 





*Grain mixtures consisted of 600 lbs. corn meal, 300 Ibs. cotton seed meal, and 170 lbs. 
wheat bran. 
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TABLE 24. 
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Dairy flerd No, 11.—Statistics of Herd from Feb. 6 to rr, 1893- 














Breed. 


Ref. No. 


OWI AnNHW DN 


AAA AHAHAARASAAROAA 
Cs a UH ef a 
SSSSSSS SSS SS SSSS 55 


\O 


IO 
II 
I2 
13 
14 
15 
16 
18 








o 
Do 
< 





Yrs. 


al 
NdYOdw OMOfLhHH OH AWNHNHANHLS 

































































& see MILK FLow. Jie eg Fea VIELD OF Far. 
be [ZS soy [i Ooh bee ov pa py LS os 
2 ea/S4|8alae| 8) 2) § /24|ea lee 

° ane ea Vet es = eet ee tot es 

ir |e Sey ec foal ep ea a 
Lbs.| Mo.| Lbs. | Lbs. | Lbs. | 4% % % | Lbs. | Lbs. |Lbs. 
875| 5 | 15.9] 19.9| 89.8} 4.8/ 5.6/5.2] .89] .96 |4,67 
850; 5 | 14.8|17.2| 80.1) 5.5 |5.8| 5.7] .86) .95 |4,57 
875| 5 | 16.7 | 20.3} 93.8) 4.3) 4.7] 45) .79| .87 |4,23 
850) 5 | 18.1] 19.1) 92.6) 4.4, 5.0] 4.8] .80] .95 |4,50 
goo] 5 | 18.9 | 21-5 1101.8) 4.7| 5.1 | 4.9) .95 | 1.03 |4,98 
B50 5) L309 VeeO, Oe Piedra ey) 4.4 + 9.63), 97 18,99 
850| 5 | 12.0] 13.8] 66.0) 4.2/4.7| 4.4] .55| .61 | 2.89 
825} 5 | 16.0} 18.2| 86.1) 5.2| 5.9| 6.6] .93| 1.01 | 4,79 
850) 5 | 17.2:}-18.8| 91.9) 5.6 | 6.21 6,0 | 1.04 | 1.15 16,46 
T1050] 5 | 12.0| 14.0} 65,6) 4.3] 5.2/4.7} .58| .65 18.09 
SOO 5. 23074 P56 FG. 0s. 34 ge 7) OO 1 77 1.84: 14,05 
BOO] Se) NBs2) Gl ae SBOP aes 561) 28-1 .29)| 295 F168 
850) 5 | 17.6] 19.5| 93.5) 4.2) 4.9|4.5] .82). .88 | 4,04 
goo} 5 | 12.5|15.5| 69,8) 4.7| 5.6/5.2] .70] .75 |3.638 
925) 5 | 16.2/18.5| 88,5) 4.8/ 5.3/5.0) .79|] .97 |4.48 
825] 5 | 12.0} 13.9| 62.6) 4.8/5.3|5.0| .57] .69/8.16 
875) > §.| 12.01} ¥9.3 |) 66.7) 4:7 | 4.6) 4.4) 2409}. 59 |:2,80 
875|- 5 | 13.9] 16.9| 76.4) 4.1 | 4.4/4.8) .60) .70|3,28 











Pounds of Food and Nutrients per Day per 


rooo Lbs., Live Weight. 





KINDS 


FEED. 


Grain,* 
Hay, 
Oat hay, 
Stover, 


Total coarse food, 


Total food, 


verage Fed 
per Day 


Pm 
Jeoseg| A 
Ore bp ¥ 


22-6 


32.8 


Minimum per day. 


Concentrated food, 
Coarse food, 


Total, 


10.4 
19.9 


30.3 


Maxim’m per day. 


Concentrated food, 
Coarse food, 


Total, 


10.2 
23.8 


34.0 





TOTAL NUTRIENTS AND 























ENERGY. 
glal8el ¢ 
» w tn OK ‘Oo 
© fy (ea) — 
Ay Z, Fy 
Lbs.|Lbs.| Lbs. | Lbs. 
OEY | sucP oS. 20te nad 

,O3]) 20) 4.01) 4)20 

257). +22) 2:85) 1.01 

1814.07) 5 2252) 1.13 
1.58] .57| 8.98)/6.35 
4,09) 1.35/ 14.18) 6.78 
2.53) -79) 5-35) -44 
7.39) .50| 7.93|5.61 
3.92| 1.29] 13.28] 6.05 
2.04"). 80) 05. Liye 
1.64} .59| 9.43} 6.82 
4.2811.39 14.54) 7.24 





























ae ea er | 

(a} on om 
"e| S 
Ba tse 
Cal. | Lbs. 
18400] 1.91] . 
om face ey 
— | .09|. 
33900) _.05) 
52300) 2.76 
18800] — 
29900| — 
48700) — 
18550| — 
35150} -— 
5 4300 — 


AH he 


DIGESTED NUTRIENTS AND 











ENERGY. 
BQ een cits Pe 
ta Me o- OL 
w HU |e s Pog 
MOB Ae) a 
Lbs.) Lbs, Cal. 
70 | 4.17| — |14250 
15 | 5.22} — > — 
12} 2.35} —| — 
04} 1.72) — | — 
.3I| 9.29] — |20200 
1.01) 18.46) 5,7 34450 














* Grain mixture consisted of 200 lbs. wheat middlings, 200 lbs. corn meal, 200 lbs. cotton 
seed meal, 50 lbs. wheat bran. 
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TABLE 25. 
Dairy Herd No. 12.—Statistics of Herd from Feb. 13 to 78, 158 





































































































i te MILK FLow. he Pa oa YIELD OF Fart. 
Z ORE Bese cas ans Bed ae 6] 61 - eieee 
«| Breed. | 2 of ae dd aS a ices ah er éQ|¥#A4 =e 
: Sia STS) sa) 8/818 |S tls. lga 
i So Bee ine = 1) a 
Yrs.|Lbs.| Mo.| Lbs.| Lbs. | Lbs.| 4 | 4 | 4% | Lbs. | Lbs. |Lbs 

1} Native, | 3 | 850] 2 | 24.1 | 26.0 |124,0| 3.9] 5.2 | 4,6.) .90 | 1.31 | 5.69 
2| Native, | 6 | 875] 2 | 31.3 | 32.8 |160,9/ 3.8 | 4.4 | 4.0 | 1.19 | 1.44 |6.47 
31 G. Jy., |. 4 1. 850]-11 | 13.8 |-14.6| 70,5) 4.8 | 5.41 5.1) .66) 575 tae 
4| R. Jy., |. 4 10975) -6.| 16.2 |.18:7 | 86,1} -4-7 | 5.9 0. |= 78) tenors 
lela #1¥ <5 3 | 800] 13 | 14.0| 15.3 | .78.5/ 6.2 | 6.9 | 6.5 go | 1.00 | 4,78 
6| G. Jy., | -9 | 850] 13 | 14.7] 15.3 1-78,91'5:3 | 525 | 6,ouei 75 | dee 
“1G. Jy., | 6 |-825| 2°| 27.81 29.4 |148.0).4.4') 410 | 4.7 0mie25) To Gige 4 
8| Native, | 8 | 850/ I | 40.0] 41.3 |208.6] 3.6) 4.3 | 4.0 | 1.49 | 1.72 |8,06 
9| Native, | 5 | 875| 6 | 21.8 | 26.8 117.2] 3.8| 5.2/4.6] .83 | 1.26 |5.40 
10|.R. Hol.,| 2 | 750} 6 | 19.2 | 22.8 |104.6| 3.0] 3.4/3.2) .63| .69 13.82 
r1| Native, | <3 | 825) 13 | 11.2] 11:91 07,1145 | 5:2 14,9 354 = aoe 
12| Native, | 6 | 875! 9 | 10.6/ 11.6] 54,.4|.4.1/ 4.5 | 4.8) .44] .49 /2.88. 
13), G.'Jy.,-}.-8 | 925} 11 | 14.7 96.0) 76.71 4:5 14:0 4.7 1 604 eee renee 
TAG. Jy2; 6 | 850] 13 | 22.9 | 27.5 |194.4! 4.6 | 5.2 | 4,9 | 1.10 | 1.43 |6.14 
1s} Ri Hol.,|.8 |1100|" 8 | 30.6 1 319 | 156.0 )-3-2 1/375 18.8 | oS eee 
16| G. Jy., 6 | 850; 4 | 16.4| 18.0] 86.6) 4.3) 4.5/4.4) .72| .78 18.78 
17|R. Hol.;| 4 11025) 6 | 24.3 | 26.1 |186,3) 3.0 | 4.7 | 3.6 1 396 | teoee ae 
18] G. Jy., | 8 | 800) 10] 9.3] 12.6 | 58.0] 4.3] 4.8/4.6] .44] .6r |2.45 
19), Native, | 8 |1100| 4 | 20,0] 21.4 108.0) 3.2 | 4.2 | 6.9 | - .68)} 287 7a.gg 
201 <S.2) 9; 5 | 875! 3 | 29.21 33:1 1155.8! 4:0 | 4:27 4:17) 247) eaoeooe 





Pounds of Food and Nutrients per Day per rooo Lbs., Live Weight. 






















































































~ .| TorTaL NUTRIENTS AND | DIGESTED NUTRIENTS AND 
i ENERGY. ENERGY. 
KINDS ele Aah = Ee _ 
OF Su) “O v = eo a a) vm pam = "os 
Fee. [88/8] 8196| S151 2s (eco aie 
<a Zc Wee an cere os O A ee 
Lbs.|Lbs.|Lbs.| Lbs. |Lbs.| Cal. |Lbs.|Lbs.| Lbs. Cal 
Wheat bran, 3.8 .§6) .21 | 2.11 |.35 |) — ) 441.15) 1.438) — 
Grainy" ))\.- - |.4.7 |1.25| .36| 2.27 | .12| — | .93).35] 1.80) — | — 
Malt sprouts, -.| 4.6 |1.15| .og | 2.02) .56| — | .g2] .06| 1.56; — | — 
Total concentrat- |—|—|— | —_-, —_ |-—_ |__| — | —_- | —_ |-——_ 
ed food, - - [13.1 |2.96| .66 | 6.40 | 1.03/22100] 2.29] .56| 4.84] — |15650 
Ensilage, - - |41.I| .71| .29 | 3.12 | 2.18} — | .33] .23] 3.55, — | — 
Hay, - - - | 7.4] .69| .28 | 3.26 11.77] — | .37]).15 | 3.02; — | — 
Total coarse food,|48.5/1I.40| . 6.38 | 3-95|24200] .70; .38 | 6.57| — |I5100 
Total food, - (61.64.86 1.23 | 12.78) 4.98 46300| 2.99; .94 | 11.41) 4.5 |80750 
Minimum per day. 
Concentrated food|12.7|2.91 | .64 | 6.28| 1.03/21700/ — | — | — | —] — 
Coarse food, - |48.2/|1.37) .55 | 6.21| 3.86/23600/ — | — | — | — | — 
Total, - - |60.9 |4.28 |I.19| 12.49] 4.89/45300} — | — | — | — | — 
Maxim'm per day. 
Concentrated food|13.3|2.98| .67 | 6.57/1.08}22600) — | — | — | —| — 
Coarse food, - |50.3/1.56| .63 | 7.19] 4.39)27100] — | — | — | —] — 
Total, - - |63.6 |4.54 | 1.30| 13.76' 5.47149700/ — | — | — | — |. — 














* Grain mixture consisted of equal parts, by weight, of corn meal and cotton seed meal. 
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TABLE 26, 
Dairy Herd No.13.—Statistics of Herd from Feb. 27 to Mar. 4, 1893. 
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Wrs- bs.) Mo.|: Lbs, | Lbs. fi bs. | "$b eo be jo bbs.\: Lbs: hobs. 
ey 3 |'750'| £0°} 12.6 |.239:5.) 66:8) 4.5 1-58.12). 4.9 | 88} 60 19,20 
2|P. Jy., | 21|700] 5 | 16.0| 17.4! 83,6) 4.1|4.714.4| .66] .82/8,68 
Seu jy., | 3 |.700| I2 | 11.6} 12.7] 60.8)-4.4 | 4.614,5| .53| .59 12:77 
4] G. Jy., 3 |700| 3 | 20.9 | 21.7 | 107.2) 3.8 | 4.6/4.2] .83 | 1.00 /4,47 
Bier. Jy.,.{| 3 | 700} 9 | 11.8 | 12.6:| 60.9] 4.1 |.4.9|4.6| .49! .60 12,75 
Cees ly., ae 7Ods. LO 12. O54 ra) 661.4) dO eis Ol) 7.00). 4 7P lomo 
Ries Ty., BOO Ne 7 WIZ. 5 13-2 I OGst hk &.05 0.) G0) 509 1 47'7-loree 
Biel ¥s5 7 1725) 10 | 8.1 | 28.6 | 41-9) 4.7 | 5.01) 48) 738) .43 11,98 
SR }y., | 10 |850| 10 | 10.5.) 1161 | 68,9) 5.2) 6.076.6) .58 | 2.65 18.01 
fomG.tiol.;; 10-850}; .2 | 20.8 | 23:1 |109;8| 3.2) 3:713.4| .67) 284 13,78 
gitGreDey,,, 10 1850} 14 | 6.5:| 7.5 | 86.0) 6:41 5.9) 6.6) 35.) .44 12,01 
12| G. Jy., | 4 |825| 1 | 20.0} 21.3 | 104.2) 3.9 | 4.3/4.1] .80] .or |4,29 
faniey.,| 7) 875 | 26.| 11.0 |-13.5 » 58,8). 3.8 1 4.3.1 4.1 | .43-|...51. 19,86 
14| G. Ay., Reyoso| 12 |. .6-9 1h ge2 b 790,0) 4.8) 5-2-1419 We 235) >.44', 1390 
15| G. Jy., 6/850] 7 eS) £2,8,/68:00 42g 15. 4.00,04.) 254 | 04. 12:99 
Beoner Gy. |) 7 |8so}.8") 8.7) vrs) 48,6) 5:0 1 5.515.381 .44:| 50 12,57 
17| Native, | 6 | 925) 14 | 11-1 | 12.2| 68.4) 4.0] 4.9|4.8| .46] .60/2,50 
Pac Dev. 10 | 875 | 12 )\10.2.) 12.1 | §6,6)/4.6) 5.4 15,1) .83} 263 (2.87 
BomGn \¥e, 1 3.1775 | 10.) -7-0-1.7.83 b .87.61'5-5 15.9 15,7 | .39| 48 (2.16 

















Pounds of Foodand Nutrients per Day per 1000 Lbs., Live Weight. 




























































































a: TOTAL NUTRIENTS AND |DIGESTED NUTRIENTS AND 
oD - ENERGY. ENERGY. 
Ke 
KINDS a : an : le v 
OF Yi) arg iment GEE a yiahe 69 Fie b 
FEED. Beene Se Nay [ee Ripe ec iareseh  Beg frees eee |g 
> e) ra) ort apt tu} = = 
Seiae bs lee. Wey SEU ee sles. |O Bel Sea 
Sony Cae eee 3 ie ee i Feat 3 i 
Lbs.|Lbs.|Lbs:} Lbs. |Lbs.| Cal. |Lbs.|Lbs.| Lbs. Cal. 
Grain,* - - |11.2|2.25| .72| 6.13} .56|/19600/1.67| .64| 5.27; — |15600 
Ensilage, - EapaOeTh -+3:3)01.20) ¢ 2.00) T. 30h .15} .16} 2.73, — | — 
Hay, - - eh hie FOR Sols. 20 keOO r= airs SO) cL 2 Sela ee 
Total coarse food,|38.2/ 1.03] .42! 5.97 3.38 21100] .53) .28] 5.90) — |13150 
Total food, - |49.4/ 8,28) 1,14) 12.10) 3.94/40700/ 2.20) .92/ 11.17 6.0 |28750 
Minimum per day. 
oucenirated 100d; |i1.1.0),2,23)  «72) 6.08) .§5|19500)°—— | — | — | — | ,— 
Coarse food, - |37.0/ 1.01] .41| 5.80| 3.29/20500} — | — | — | —] — 
‘Lotal,”"- - | 48.0] 3.24] 1.13] 11.88] 3.84;/40000o] — | — | — | —] — 
Maxim’m per day. | 
Concentrated food,| 11.1] 2.26} .72| 6.15} .57)I9800) — | — | — | —] — 
Coarse food, euh4On1), 1,05) 0.43) 56,15 05647 21600 —,—} — | —] — 
Total, -- - |51.2|3.31| 1.15| 12.30] 4.04|41400] — | — | —-| —] — 
* Grain mixture consisted of 50 lbs. cotton seed meal, 200 lbs. wheat middlings, and 100 lbs, 


corn meal, 


88 STORRS AGRICULTURAL EXPERIMENT STATION. 


TABLE 27. 


Dairy Herd No. 14.—Statistics of Herd from March 6 to 11, 1593. 




































































o oe MILK FLow. aS eae YIELD OF FAT. 
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3\ Gi Jy.,. [92 ) 800} 2.) 21.1 4°22.94 88,8) 6.1 | 5:9 16.0 MIs1O | tnaya ee 
BG. yi se 2) 978 | 3h 21.6.4 22.9 1° 89,1) 4.9:| 5:21 0,0 voz sede 
4| G. Jy., 6 | 825) 5 1.16.1 117.1 | 66.6) 6.1 | 5.5 | 6.4 (eee 1 oases 
5) G. Jy.,.|> 8 | 850} 11 | 10.1 \'14.7 | 40.1) 6.9 | 6.5 | 6.204 | gGnere 
6) G, Jy.; [10' +850) 5" |}19.6} 20.8 | -81\6.-4-97 | 4.9, 4,9 }= 96/4 Omens 
kee TVs, 9 |900| 3 | 29.3-] 34.2 | 127.8) 3:6 )-4.7 | 4.0 | 1,10] 1.40) 5,12 
8| G. Jy., 919501]. 3 | 28-4 131.3 | 118.7) 4.2 |-5.2-) 4.5 | 1220 ree 
9G. Jy..°|. 8 1.950] 1°} 34.04 36.9 1169.5] 4:9) 5:1 | 6.0) 1:67) Tse abe 
TOG, Jy...) 17 | 950). 5. }:19.94' 23-01 S77) 3.742 13.0) & 74 eee 




















Pounds of Food and Nutrients per day per 1000 Lbs., Live Weight. 




































































3 TOTAL NUTRIENTS AND | DIGESTED NUTRIENTS AND 
Natt 05 ENERGY. ENERGY. 

OF On : v east sine SIR iets bo 
-“S\2\20|2 (38/3 |e \28 (83) ez 
hs ae Page dy cn Cd geseont es ON ree 
Lbs. | Lbs.|Lbs.| Lbs. |Lbs.| Cal. |Lbs.|Lbs.| Lbs. Gah 

Grain,*: - - | 94/2.23) .85) 4.95| .38]17690]1.71| .64) 3.79] — |12900 
Hay, - - - |18.7) 1.60} .68) 8.00) 4.33} — | .86) .37| 7.42; —| — 
Stover, : - | 3.6) .17]} .08| 1.77/1.14; — | .o9] .o4| 1.88; — | — 
Total coarse food,| 22.3|1.77| .76) 9.77|5.47|34810| .95| .41| 9.30] — |20850 
Total food, - (81.7) 4.00) 1.61) 14.72) 5.85/52500/ 2.66) 1.05) 18.09) 5.8 |83750 
Minimum per day. 
Concentrated food} 9.4/2.22| .85) 4.92) .38|17600/; — | — | — | — — 
Coarse food, - |20.2/1.61| .68) 8.86) 4.97/31600) — | — | — | — — 
Total, - - | 29.6] 3.83] 1.53) 13.78] 5.35|49200 Baad Blakes Bight 8) — 
Maxim'm per day. | 
Concentrated food| 9.7/2.30| .87) 5.10] .40j/18200) — | — | —]|—| — 
Coarse food, - | 22.9/1.82] .79| 10.01/5.59/35700| — | — | — |—| — 
Total; - - 32.6 4.12| 1.66) 15.£1)5.99|53900] — | — —|— — 














* Grain mixture consisted of 100 lbs. gluten meal, 100 lbs. oat feed, 100 lbs. wheat bran. 





Ref. No. 





A-SLUDY OF RATIONS FED TO.MILCH COWS. 








TABLE 28, 


89 


“Dairy fferd No. 15.—Statistics of Herd from March 13 to 18, 1893. 
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YIELD OF FAT. 
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Pounds of Food and Nutrients per Day per 



































3 A eH 
5/8/25 /25 (84 

<| a&|=alaw 
% % | Lbs. | Lbs. |Lbs. 
4.514.8| .73| .86 |4.04 
3.8/3.6] .36| .43 |2,04 
Rie HO.6 12.794 705 to.eo 
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4.9|4,6] .85| .98 |4.52 
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5.3|9.0| .60) .70/38,28 
3.713.4| .65| .70/8,89 
Sayeed 1-57 | 02 lak 
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1000 Lbs., Live Weight. 











KINDS 
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Hay, - - 


Total coarse food, 


Total food, 


Minimum per day. 


Concentrated food 
Coarse food, 
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TOTAL NUTRIENTS AND 


ENERGY. 


Ext: 


Nit.-free 





+) LoDS: 


5.82 
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15,06 


5-33 
7.86 


13.19 


6.29 
10.87 








17.16 


Fiber. 
Fuel Val. 
(En’gy). 





Lbs; 7 Cak 
.28|15000 


4.14 
1.41 


24| 5.55/31300 


5,83/46300 


.26|13650 
4.74|26650 


5.00]/40300 


.30/16100 
6.22/36700 
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DIGESTED NUTRIENTS AND 

















ENERGY. 

: oe ee bah sees 
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Lbs.|Lbs.} Lbs. | — | Cal. 
£7015 37: (45701 | LL 800 
.43| .14 | 6.80) — | — 
.22| .05 | 2.40) — | — 
-65| .19 | 9.20] — |19r00 
1,35 86 13. 99/11. 3/3090 

















* Grain mixture consisted of 1000 lbs. cob meal, 175 lbs. rye meal, 150 lbs. wheat bran, 100 
Ibs. oat feed, and 100 lbs. O. P. linseed. 
+ Fodder consisted of 300 lbs. bays and 4oo lbs. stover. 
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\DABLE- 20, 
Dairy Herd No. 16.—Statistics of Herd, March. 20 to 25, 189}. 


STORRS AGRICULTURAL EXPERIMENT STATION. 
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Pounds of Food and Nutrients per Day per 
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* Fodder consisted of equal parts of poor hay and stover. 
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A STUDY OF RATIONS FED ‘TO: MILCH COWS. 


TABLE 30. 
Summary of Total and Digestible Nutrients Fed per Day per 1000 

Lbs., Live Weight, on Sixteen Dairy Farms 
an Connecticut. 
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-73| 12.43| 7-31|43300} .96) .49| 12.55} — |27200 
1,61) 15.82) 7.62/58800| 3.16/ 1.25) 15.19) 5.7 139400 
-54| 4.19] .20/13400/ 1.23} .51| 3.58) — |II100 
.67] 11.04] 6.90/38g00] .80} .36) 10.97; — |23400 
1,21) 15.23) 7.10/52800| 2.08/ .87| 14.55) 8.1 (34500 
-74| 8.96] .51/24400/1.44) .65| 7.70) — |19740 
.81| [1.23] 5.87|38700| 1.00] .44/ 10.30) — |22860 
1,55) 20.19) 6.38/638100) 2.44/ 1.09) 18.00) 8.4 42600 
.64| 6.47] 1.23/20900| 1.60} .50) 5.35) — |15050 
-79| I1.75| 7-74/45100) 1.56] .43/ 11.60) — |26300 
1.43] 18,22) 8.97/66000/ 3.16; .98)16.95 6.0 |41350 
.65| 3.81] .22/13240/ 1.20) .58] 3.14) — |10500 
.49| 8.68/5.62/31760| .96| .25} 8.91) — |19450 
1,14/ 12.49 5.84/45000/2.16) .83) 12.05 6.4 129950 
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TABLE 30.—/( Continued. ) 








































































































. ToTAL NUTRIENTS AND |DIGESTED NUTRIENTS AND 
2 ENERGY. ENERGY. 
ie Fo BS aires Oreo 
=| CLASSES oF Foon. ej g i 25 - , $l 6/aB 
& Sie |RSS |e 5] 8] es [ek ieges 
Z a) 2 | PL Sel EO Ree 
Lbs.|Lbs.| Lbs. |Lbs.| Cal. |Lbs.|Lbs./ Lbs. Cal. 
( Concentrated food, |1.57| .55) 4.62, .27/14300/I.09| .50} 3.72| — |11100 
a oe food, -|2.11|} .67| 9.16]5.47/34000/ 1.23} .34] 9.32] — |21000 
Total food, —- 8.68 1.22) 13.78) 5.74/48300 2.32) .84, 13.04) 6.432100 
( Concentrated food, |2.51| .78] 5.20] .43/18400]/1.91} .70/ 4.17} — |14250 
Sp | Coarse food, - |1.58] .57| 8.98/6.35/33900| .85| .31| 9.29] — |20200 
| Total food, _—- | 4,09) 1.35) 14.18) 6.78/52300 2.76) 1.01/18.46 5.7\34450 
Concentrated food, | 2.96) .66) 6.40/1.03/22100) 2.29] .56) 4.84) — |15650 
a Coarse food, - |1.40] .57| 6.38] 3.95/24200] .70| .38| 6.57; — |I5100 | 
Total food, - | 4,36) 1.23) 12.78) 4.98/46300| 2.99) .94'11.41) 4.5/30750 
Concentrated food, |2.25| .72| 6.13] .56)19600/1.67| .64) 5.27; — |15600 
13 Coarse food, - 11.03] .42] 5.97|3.38/21100} .53] .28} 5.90) — |13150 
Mee aa ele Narada OT i 
Total food, —- | 3,28) 1.14) 12.10/3.94/40700/ 2.20) .92) 11.17 6.0/28766 | 
( Concentrated food, | 2.23] .85| 4.95) .38/17690/1.71| .64] 3.79] — 12900 
14 ; Coarse food, - |1.77| .76| 9.77/5.47/34810] .95| .41| 9.30} — |20850 
| rai ied ees eee ea ers ieee ace ie) SE : 
| Total food, - | 4,00 1,61| 14.72) 5.85/52500) 2.66/ 1.05) 18.09) 5.8/33750 
Concentrated food, | .g2| .46] 5.82) .28!15000| .70| .37| 4.79] — |11800 
15/4 Coarse food, - |1.21| .36} 9.24/5.55/31300| .65} .19| 9.20] — |1IgI0o 
! a : 
| Totalfood, ~- 2,18) .82/15.06)5.83/46300 1.85) .56) 13.99) 11.3/30900 | 
f 
Concentrated food, | .82) .53/ 4.33) .28/12340| .61| .46| 3.74) — |ro100 
6 Coarse food, - 1.54} .63] 9.56|5.10/32760] .83| .34| 8.92) — |1q500 
[jam ats | anes | acne ae) fae ge ae ee L 
| Total food, - 2,86) 1.16) 13.89/5.38/45100/1.44) .80/12.66) 9.3/29600 
Averages of the Above Sixteen Ratios. 
Concentrated food, - - : - - - |1.58} .58] 4.47| — |13700 
Coarse food, - - ~ - - - - | .go} .36) 9.62|,— |21100 
99; .39) 9 
Totalfood, - - - - - -  ~- |9,48) .94/14.09) 6.5/84800 








Table 30, on pages gt and g2, gives a summary of the rations 
fed on sixteen dairy farms in Connecticut. In the first five 
columns are given the total nutrients and total potential energy ~ 
(fuel value) in the materials fed. The three following columns 
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- give the calculated weights of digestible protein, fats and carbo- 
hydrates. As explained on page 74, these weights are calculated 
from the total nutrients by the use of factors (digestion coeff- 
cients) obtained from digestion experiments. These factors are 
only approximate, and the weights of nutrients obtained by their 
use are also approximate. 

In order that a ration may be complete, there must be enough 
digestible protein supplied in the food to build new tissues (bone, 
muscle, milk, etc.) and repair the wastes of the body, and suffi- 
cient digestible fat and carbohydrates to furnish heat and muscu- 
lar energy. If the sum of the digestible carbohydrates and two 
and one-fourth times the digestible fat of a ration is divided by 
the amount of digestible protein in the ration, the quotient gives 
what is called the nutritive ratio. If the quantities of digestible 
fat and carbohydrates are large relative to the protein, this num- 
ber will be large and the ration is called a “ wide ration;” if the 
quantities of digestible fat and carbohydrates are relatively small, 
the quotient is a small number and the ration is a “narrow”’ 
one. A ration where the nutritive ratio is much more than 1:6 
may be called a ‘“‘ wide ration;’’ if much less it may be called a 
“narrow ration.” ‘‘Wide rations” are much more common 
among American feeders than are ‘“‘narrow” ones. The column 
next to the last contains the nutritive ration of the rations fed. 

The last column contains the total energy (fuel value) of the 
digestible nutrients in the rations. These figures were obtained 
by calculation as explained on page 17 of the present Report. 


DISCUSSION OF THE RESULTS OF THE TESTS. 


The results brought out in sucha study as the one here reported, 
are tentative rather than final. This investigation was not under- 
taken with the expectation of obtaining startling facts nor would 
we be warranted in drawing very definite conclusions from the 
tests. We do believe, however, that there is much of practical 
importance to be obtained along this line of inquiry, and that the 
results herewith presented merit the careful attention of dairy- 
men. 

It is probably true that the animals of most of the herds ex- 
amined were, so far as breed, milk and butter product are con- 
cerned, above the average of cows kept for dairy purposes in 
Connecticut. It is doubtless true that the feeding practiced by 
the owners of these herds is better than that which is generally 
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practiced throughout the State. These facts, taken together with 
the shortness of the periods of observation to which the herds 
were subjected, have been kept in mind in the Lee discussion 
of the results of the tests. 

The two chief uses of food are to form the materials of the 
body and make up its wastes, and to yield energy in the form of 
heat to keep the body warm, and furnish muscular and other 
power for the work it has to do. In forming the tissues and 
fluids of the body, the food serves for building and repair. In 
yielding energy it serves as fuel. The different nutrients of food 
act in different ways in accomplishing this purpose. The: prin- 
cipal tissue formers are the protein compounds. They build up 
and repair the nitrogenous materials, as the muscle and bone, and 
supply the albuminoids of blood, milk, and other fluids. The 
chief fuel ingredients of the food are the carbohydrates and fat. 
These are either consumed in the body or are stored as fat to be 
used as occasion demands. As the protein compounds are the 
flesh formers, and since the chief function of the fats and carbo- 
hydrates is to furnish heat and muscular strength which may be 


measured by their potential energy or fuel value, it is possible to. 


form a very good idea of the nutrients furnished in different ra- 
tions by comparing the quantities of digestible protein and amounts 
of potential energy which the digestible nutrients of rations furnish. 

It will be seen from table 30 that the smallest weight of di- 
gestible protein fed per day per 1,000 pounds live weight, was 
1.35 pounds, and the largest amount was 3.16 pounds. The 
potential energy or fuel value of the digestible nutrients fed 
per 1,000 pounds live weight, varied from a minimum of 28,750 
calories to a maximum of 42,600 calories. There was also a 
correspondingly large range in the nutritive ratio of the rations 
fed. The narrowest ration had the ratio of 1: 4.5, the widest, of 
‘See Ree | 


A RATION FOR A MILCH COW. 


Every little while we are in receipt of letters something like 
this: ‘I should like to know, in plain, simple language, what is 
the best way for profit, to feed a cow of 1000 pounds live weight.” 
Unfortunately such a question can at present be answered only 
approximately. 

A proper daily ration will supply in appropriate forms, the 
protein needed to form the nitrogenous materials of the body 
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-and the energy required for heat and muscular work, and a 
proper feeding standard will call for sufficient digestible protein, 
fats, and carbohydrates per day to meet these needs. But just 
what these weights should be is a matter of considerable uncer- 
tainty. No hard and fast rules can be laid down. Individuality 
(differences of individual animals) prevents the strict application 
of the general principles which have been learned. Differences 
in breed, handling, classes of food, powers of digestion, and 
numerous other conditions known and unknown, tend to make 
the individual equation one of great importance. 

Twenty-five or more years ago there were suggested by Prof. 
Wolff, an eminent German chemist, certain standard rations for 
different kinds of animals fed for different purposes. His standard 
ration for a milch cow calls for 24 pounds of organic matter 
which should contain 2.5 pounds of digestible protein, .4 pounds 
of digestible fat, and 12.5 pounds of digestible carbohydrates per 
day per 1,000 pounds live weight. The potential energy of these 
digestible nutrients would be about 29,600 calories. Later ex- 
perience in Germany has inclined toward making the ration nar- 
-rower and somewhat larger. On the other hand, feeding practice 
in this country has been quite different, and even our best feeders 
generally feed a wider ration than that called for by the German 
standard. Foods rich in fats, and in starch and other carbo- 
hydrates are so cheaply and easily obtained in this country that 
our practice has been to feed them more liberally than has been 
the case in Germany. Some three or four years ago the New 
York Station made inquiries by correspondence with some of the 
best dairymen of the State as to the kinds and amounts of food 
they. were feeding milch cows. Somewhat later the Wisconsin ' 
Station made the same inquiry of dairymen of that State.. Based 
upon the replies which were received from eight dairymen in New 
York and fifteen in Wisconsin, and one study made in Connecti- 
cut by the State Station, the Wisconsin Experiment Station* 
recommended a daily ration, which “‘ may be considered a standard 
American ration for milch cows in.full flow of milk, weighing 
about 1,000 pounds,” of 25.6 pounds organic matter, containing 
2.2 pounds digestible protein, .8 of a pound digestible fat, 
13.3 pounds digestible carbohydrates. The fuel value of this 
ration is about 32,200 calories, and its nutritive ratio 1 : 6.9. 
It will be noticed that the Wisconsin Station recommends in 


* F. W. Woll, Wisconsin Experiment Station Bulletin No. 33, October, 1892, page 20. 
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this standard ration, .3 of a pound less digestible protein than 
Wolff’s standard ration calls for and that the total energy is 2,600 
calories larger. While in Germany there is a tendency to the 
increased use of protein, this standard ration advocates less 
protein and more of the fuel ingredients of the food. 

The German figures were suggested after a great many accu- 
rate studies of the teeding practices of the best German feeders, 
and after.a large number of feeding experiments had been con- 
ducted by trained specialists. This so-called American standard 
is practically the average of the feeding practice of 24 dairymen 
in New York and Wisconsin, and furthermore, as ascertained. 
from the more or less accurate estimates of the feeders them- 
selves as to the amounts fed, etc. The materials fed were not 
analyzed, but their composition was assumed nat: the averages 
of other analyses. 

The above is said not in any way to discredit the American 
work already accomplished, for just such preliminary work as 
this must be done before other and more accurate observations 
can be made. The facts are stated, however, to aid us in form- 
ing an estimate as to the value of the two standards. Our con- 
ditions differ materially from those of Germany, and it may be 
they are such as to make it better economy to use as wide a 
ration and with as small an amount of protein as that of the 
standard prepared by the Wisconsin Experiment Station. This, 
however, is not at present demonstrated. 

The rations here reported upon represent the actual feeding 
practices of the dairymen whose herds were examined, so far as 
could be learned by weighing the foods actually fed from day to 
day, and by determining their composition as accurately as-may 
be by means of chemical analysis. The factors used for calcu- 
lating the quantities of digestible nutrients are the chief sources 
of uncertainty entering into this study, but this uncertainty is at 
present inevitable. The average of these sixteen rations might 
be suggested as a Connecticut or a New England standard ration 
for milch cows. But when-we consider that there were such wide 
variations in feeding practice, and when we find such ranges in 
amounts of protein and in total energy as are pointed out in table 
30, On pages gt and 92, and in table 31, page 97, it would be very 
unwise to assume that the average of the rations which these sixteen 
men were feeding was the best possible ration, or anything like 
the best possible ration, for milch cows in America. Because 
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carbohydrates and fats are so abundant and so cheap in this 
country that we feed them liberally, does not imply, much less 
prove, that we are using them wisely.* 

We have so few American data upon the effects of rations, that 
the teachings of the sixteen studies here reported upon this 
question are of some value. 

In table 31 (page 99) are summarized the rations fed, together 
with the yield of butter-fat observed during the five days of the 
tests. The weight of butter-fat was selected rather than the 
weight of milk, as it is less liable to fluctuation from day to day, 
and also remains more constant during the earlier months of 
lactation. In this tabulation the butter yields of all the animals 
under two years of age, and which were more than eight months 
in milk flow, have been omitted. Also, in one or two instances, 
animals giving*unusually small yields were also omitted from the 
tabulations. The animals were of different breeds, and in many 
ways the conditions were such that the results are not strictly 
comparable one with the other, and yet in the lack of better data 
the results are here tabulated to show what light they throw upon 
the question of the effects of protein and the nutritive ratio upon 
the production of butter-fat. In this summary table, the figures 
are made to conform more nearly to ‘‘round numbers.” ‘Thus 
the weights of digestible protein are given to the nearest .o5 of a 
pound, 2.51 pounds being taken as 2.50, etc. 

The average butter-fat yields for the five days are grouped in 
accordance with the size of the nutritive ratio of the rations 
and the weights of protein fed. The butter-yields from the 





* After this article was in type and thegpreceding pages were printed, a Bulletin (Bulletin 38, 
Wisconsin Experiment Station, by F. W. Woll,) upon ‘‘ One Hundred American Rations for 
Dairy Cows,” was received. This Bulletin presents results of further observations upon dairy 
feeding similar to those described in Bulletin 33 of that Station. The rations fed were ob- 
tained in the same way as those of the earlier Bulletin. Letters were ‘‘sent to four hundred 
dairy farmers and breeders of dairy stock in all parts of the United States and Canada, asking 
information concerning their methods of feeding milch cows.’”? * * * ‘‘One hundred of the 
farmers to whom the circulars were sent furnished complete rations containing definite quanti- 
ties of the feeding stuffs fed daily to their cows, as exactly as the circumstances would 


permit.’ [The italics are ours. ] 
‘* Combining all of the rations which have been fed by successful dairy farmers and breeders 
in various parts of our continent, we have the following American ration’’: Dry matter, 24.51 


pounds, containing 2.15 pounds digestible protein, .74 pounds digestible fat and 13.27 pounds 
digestible carbohydrates. The nutritive ratio of this ration is 1 to 6.9, and the estimated fuel 
value of its digestible nutrients is 31,250 calories. 

This ration differs from the one given in Bulletin 33 of the Wisconsin Station by containing 
1.5 pounds less organic matter, .15 pounds less digestible protein, and its potential energy is 
gso calories less. The amounts of digestible protein in these rations ranged from rt.05 pounds 
to 4.34 pounds, the fuel value of the digestible nutrients ranged from 19,050 calories to 45,600, 
and the nutritive ratios varied from 1 to 4.1, tor to 12.8. 
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herds which had a nutritive ratio greater than 1:6, are given in 
the fifth, and those which had a nutritive ratio less than 1:6 
in the sixth columns. It will be observed that the average 
five days’ yield per cow of the animals of the wider rations was 
3.9, and that of the animals of the narrower was 4.5. pounds 
butter-fat in five days. The animals having the narrower ration 
produced on the average .6 of a pound more of butter-fat in 
five days than did those having the wider. | 

In the last two columns of the table, the butter-fat yields are 
averaged in accordance with the amount of digestible protein in 
the rations. It will be observed that the herds which received 
more than 2.3 pounds of digestible protein per day gave an aver- 
age of 4.5 pounds per cow of butter-fat in five days, while those 
under 2.3 gave only 3.6 pounds per cow of butter-fat in the same 
time. In other words, the animals having the larger amounts of 
protein gave on the average .g of a pound more of butter-fat in 
five days than did those having the smaller quantities of protein. 

With the exception of the animals of herd 10, those which are 
classified as receiving more than 2.3 pounds of digestible protein 
were all actually receiving about 2.5 or more pounds of digestible 
protein per day. ‘The animals of this herd (10) were all practi- 
cally new milch, six of them having just calved, five of the others 
being less than two months after calving, and all but one being 
four months or less since calving. This would seem to account, 
in part at least, for the high yield of butter-fat. 

The largest butter-fat yields, with the exception of that from 
herd ro, were from herds 12,3,14and 1. Therations fed these herds 
contained respectively 2.99, 3.01, 2.66 and 2.51 pounds of digest- 
ible protein. ‘Their nutritive ratios were as follows: 1:4.5, 1:5.7, 
“125.8, 1:6,2, “Their fuel values were 30:750,°37,050.)¢ 3.7. mem 
33,450 calories. ‘Too much importance should not be attached to 
these results, as they may have been partly accidental and due 
to causes other than feed. It is, nevertheless, a noteworthy fact 
that in the cases in which the cows were in about the same period 
of lactation, the yields of butter-fat decreased as the protein de- 
creased, and as the nutritive ratio increased. The largest yield 
was from a herd receiving a very narrow ration (1:4.5) and one 
which contained a large amount (about 3 pounds) of digestible 
protein. The average of all these rations is a good deal wider 
than that of the German (Wolff’s) standard, being very nearly 
as wide as that of the Wisconsin Station. The weight of 
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protein in the average of all the rations is.in accord with Wolff’s 
ration (2.5 pounds digestible protein), and the rations which 
seem to have given the best returns contained more protein than 
Wolff's standard calls for. From the fact that the best butter-fat 
yields were obtained from a ration containing less than 31,000 
calories of potential energy, it seems fair to assume that those 
which contained upward of 40,000 were quite excessive. 


ABLE 37) 

Summary of rations fed and yields of butter-fat obtained from 
sixteen herds examined. The yields of butter-fat are classt- 
fied tn accordance with the nutritive ratios of the ration and 
the amounts of digestible protein which they contain. 















































AVERAGE YIELDS OF 
SUMMARY OF RATIONS FED. BUTTER-FAT 
PER Cow IN 5 DAYS. 
Fe  ¥ Nutritive Digestible 
2 A ak Ratio. - Protein. 
= ok oe vo 
ae Fs = 5 ae) o 5 
Reference No.| $ 5 nS ect Ps re va ena ae 
Bite ote NN ie) ae) eT My eh at wares 
w Ay Fob > fa) ra n 5 a |? ¢q 
Bie os | 2s) Ses ilsssis¢e 
O i Gabe capo. nee |e 
Lbs. EBs ey Calsom lL bse iobse;  Lbso EDs: 
1, - 25.4 2.50 6.0 | 33450 — 4.6 4.6 — 
2 - 27.2 2.80 6.0 37000 — 42 Ax? = 
Gare >}. 20.9. | 3.00 erey yee W898) Sot TL i ieee CC Te 
4, - - ay. 2.60 TO he OG00 ob sek — 3.5 —_ 
Sea A 29.0 | 3-15 5:5. fe 3Q400 1 A: Veerd st ar 
6, - - 26.6 2,05 8.0 > 3480071 93.7 — — 5 ee 
5 ta. - 32.0 2.45 8.5 42600 | 4.6 — 4.6 — 
8, - - 33-7- | 3-15 6,07" | 413500] tom 43° 1.4.3 = 
Q, - - 22.8 2.15 6.5 29950 | 3.8 — — 3.8 
10. 2 24.4 2.30 6.5 | 32100] 5,ot| — 5.0 — 
1 ae - 20.4 2:75. 5-5 | 34450 4.0 4.0 ais 
I2, - : 23.4 3.00 4.5 30750 titan (nares) 5.5 a 
ie ee =. 20.5 2:20 6.0° | 28750 —~ Pe, — 3.6 
14, - - 26.2 2.65 6.0° | 33750 — 4.7 4:7 = 
15, - - 23.8 1.35 11.5 30900 | 3.3 — — B23 
ro; o» - 22.3 1.45 9.5 29600 3.8 — —- 3.8 
Average, 26.4 | 2,50 6.0 GSG00 tin 3-0 a 2. Oui 4.0% | S.6 




















*As here tabulated, the weights of protein are given to the nearest .o5 of a pound; thus 2.51 
Ibs. are called 2.50, etc. 

+ As here tabulated, the nutritive ratios are taken to the nearest .5; thus 6.2 is called 6; 6.4 is 
called 6.5, etc. 

+ Cows nearly all new milch. Nutritive ratior : 6.4. 


The evidence at present at our command would seem to indicate 
that the quantity of digestible protein called for by the German 
(Wolff's) standard is none too large, and that it would be safe in 
the general run of cases to feed as much or even more protein 
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if we would obtain the.largest yields of butter-fat from our milch 
cows. It would also, perhaps, be wiser until we have more light 
than we have at present upon this matter, to make our rations 
larger, so far as their total energy is concerned, than that of the 
German standard. The size of the ration suggested by the 
Wisconsin Station as a standard ration may, when it is measured 
by its fuel value, not be too large for the demands of our 
conditions. Feeding stuffs rich in carbonaceous foods (fats and 
carbohydrates) are abundant and cheap with us, and it is difficult 
to utilize the foods ordinarily produced on the farm without 
making our rations larger in total energy than the German 
standard calls for. 

The use of fuel values gives a means of simplifying the calcu- 
lation of rations. It will be understood that the proportions of fats 
and carbohydrates are only relative, in other words, that one may 
be diminished if the other be correspondingly increased. If our 
theories are correct, the important matter is to provide sufficient 
protein and sufficient total energy without varying too much 
from the most desirable relative proportions of the fats and car- 
bohydrates. In other words, a daily ration for a milch cow 
(1,000 pounds live weight) which would furnish 2.5 pounds of 
digestible protein and enough digestible carbohydrates and fats 
to make up the 29,600 calories of energy, would satisfy the 
requirements of the German (Wolff's) standard, although the 
relative proportions of the carbohydrates and fats were not the 
same as called for by this particular standard. 


aR Ue 2 
German ( Wolff's) and Wesconsin Station Standard Rations, to- 
gether with Averages of 16 Rations here reported upon, 
and a tentatively suggested Ration. 





DIGESTIBLE NUTRIENTS. 

















ORGAN- 3 
RATION Ic cS 
; : Carbohy- | Fuel |2 3 
MATTER| Protein. Kat By rs Valae 5 aa 
Wolft’s (German) Lbs. Lbs. Lbs. Lbs. Cal. eer ie 
Standard, - - 24.0 2.50 .40 12.50 29600 | 5.4 
Wisconsin Station 
Standard, 1893, - 25.6 2.30 .80 13.30 32200 | 6.9. 
Wisconsin Station 
Standard, 1894, - 24.5 215 74 13:27 31250 | 6.9. 
Average of 16 here 
reported, - - 26.4 2.48 -94 14.09 34800 | 6.5 
Tentatively suggest- 
ed ration, - - 25.0 2.50 |(.5 to. .8*) | (13 to 13*)] 31000") Be 





* See explanation on the opposite page. 
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The German (Wolff's) standard ration, the standard ration 
proposed by the Wisconsin Experiment Station, the averages of 
the 16 rations here reported upon and a suggested tentative 
ration are given in table 32, on the opposite page. 

As has been already pointed out, the chief function of the fats 
and carbohydrates is to serve as fuel. It appears to be more 
important that these nutrients should be provided in sufficient 
quantities for the needs of the body than that they should be 
supplied in definite relative proportions. In the tentative ration 
thus suggested, the energy called for could be furnished by about 
.5 of a pound of digestible fat and 13.0 pounds digestible carbo- 
hydrates; by .6 of a pound of digestible fat and 12.5 pounds of 
digestible carbohydrates; or by .8 of a pound of digestible fat and 
12 pounds of digestible carbohydrates. — 

It must be borne in mind that a ‘‘standard ration”’ itself is only 
an estimate, an effort to express proportions which approximate 
the average needs of different animals or the quantities which 
may be fed. ‘A great deal of experimenting with the calorimeter 
and the respiration apparatus, and a great deal of practical test- 
ing of animals in experimental stables and on the farm, will be 
needed in order to enable us to make such estimates entirely 
satisfactory. When that research shall be accomplished, its re- 
sults will have a very great value to the farmer.” 


’) 


DAILY VARIATIONS IN AMOUNTS FED. 


While there may be more or less uncertainty as to what is a 
proper ration, there can be no question but what better re- 
sults will be obtained from careful than from careless feeding. 
If the animals are overfed one day and underfed, or even prop- 
erly fed, the next, the milk flow will be affected to the disadvan- 
tage of the dairymen. It is not always easy to carefully regulate 
the quantities of the coarse foods, hay and fodders, which are 
given from day to day. It is difficult to judge accurately of the 
weight since the compactness or looseness will deceive the eye. 
There is, however, very little if any, reason why the same, or 
nearly the same, weights of the concentrated feeds should not be 
given from day to day. It may not be practicable to weigh the 
feeds in the barn when they are being fed, but it is easy to meas- 
ure the quantities of grain and avoid any great changes in 
amounts from day to day. 

Table 33, which follows, shows the variations in size of the 
rations which were fed in these sixteen different herds. 
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STABLE 33; 


Variations tn Amounts of Food and Total Nutrients per tooo Lbs., 
Live Weight, with the same Herd on Different Days, as Shown by 
the Weights of Food and Nutrients in the Day's Ration, with the 
Smallest (Minimum) and the Largest (Maximum) Total Energy. 
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As pointed out on page 100, the size of a ration can be conve- 
niently measured by its digestible protein and by the fuel value 
(potential energy) of its digestible nutrients. Since digestion 
factors are not so very different one from another, it follows that 
the weights of /ofa/ protein and the Zofa/ fuel values of different 
rations will serve the purpose of approximate comparisons. In 
table 33 the total nutrients, not the digestible nutrients, are 
given, 

In general, there seems to have been, as was to be expected 
with the class of farmers that we visited, considerable care exer- 
cised to insure regularity in times of feeding and amounts fed. 
With the exception of herds 1, 2, 3 and 9g, there were no larger 
variations in the amounts of grain fed from day to day than one 
mouceexpect,’ Ini some cases, notably’ 2)s) 69.7, 10, 117, 13) and 
16, the amounts of grain given from day to day were practically 
constant. In the case of these same herds there was for the 
most part a corresponding evenness in the daily milk flow and 
its content of butter-fat. This probably did not follow from the 
greater uniformity in feed any more than that of the care in gen- 
eral, as it would doubtless bé true that the man who is most care- 
ful in his feed would be careful in other particulars regarding his 
herd. In general the quantities of feed given were more uniform 
where a mixture was made of the grains and then all fed from one 
measurement than was the case where each grain was fed from 
a separate bin. The chief objection to feeding the grain in a 
mixture is that it does not allow as good opportunity for varying 
the feeds of different animals, as is the case when the grains are 
fed separately. If a careful person is attending to the feeding, 
and is trying to feed each animal properly, and is carefully 
watching the effects of the feed, the best results would doubtless 
be obtained by feeding the different grain feeds from separate 
bins. If hired help has to be depended upon, a grain mixture 
would, in most cases, prove to be the most satisfactory method 
of feeding grain. 

DISCUSSION OF RATIONS, 


In the following pages there are given in tabular form the 
kinds and amounts of the different feeding stuffs actually fed in 
the 16 herds studied by the Station in the winter of 1893, to- 
gether with the pounds of protein,*® the fuel value of the digest- 
ible nutrients, the nutritive ratio and the cost of the ration. 





* The terms protein, nutritive ratio, fuel value, etc., are explained on pages 93-100. 
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There are also given in the case of each ration two suggested 
changes. It is hoped that out of the forty-eight rations which 
are given herewith farmers will be enabled to find a ration which 
is suited to their own needs and circumstances, and that they 
may be more or less of a guide toward a better feeding. The 
suggested rations are given as examples of the way in which the 
same feeding stuffs may be combined in other, and in general, 
probably better rations. All that has been said in the preceding 
pages, calling attention to the fact ¢hat there ts no such thing at 
present known as a “best ration,” and that all attempts to express im 
terms of protein and energy the needs of a dairy cow, are only approxt- 
mations, must be kept in mind in the study of the following rations. 

The costs of the different rations have been calculated by use 
of the following prices for the different feeds. The prices of the 
different concentrated feeds are the average, as ascertained by 
Dr. Jenkins of the State Station, at which they were sold in Con- 
necticut in December, 1893. 


2 eins 





Wheat bran, - = $1g OO Oats, - : 2 a $2I OO 
Wheat middlings, - 2I OO Malt sprouts, - - 18 00 
Cotton seed meal, = 26 oO Rye meal, - - = 2I OO 
Buffalo gluten feed, - 2100 | Oat feed, - - - 2I oO 
Chicago gluten meal, - 25 co Hay, - = = “ 18 00 
Cream gluten meal, - 25 0O Ensilage, - - ate 2 50 
O. P. linseed meal, - 30 00° Oat hay, - - - 14 00 
N. P. linseed meal,_ - 28 00 Poor hay, - - - IO 00 
Corn meal, - ~ 2I OO Stover, - 5 - 8 00 
Hominy meal, - - 20 00 Rowen, - - - 14 00 
Corn and cob meal, - 20 00 


Daily Ration per 1000 Pounds Live Weight Actually Ked to Herd 
Lo, 1, and Suggested Rations. 





ee 











As FED. SUGGESTED CHANGES. 
RATION No. I. 
A. B. Ge 

Wheat bran, - - 2.8 pounds. 4.0 pounds. 5.0 pounds. 
Wheat middlings, - 1.6 pounds, 2.0 pounds. — 
Linseed meal, - - 1.8 pounds. 2.0 pounds. 2.0 pounds. 
Buffalo gluten feed, - 2.1 pounds. 3.0 pounds, 5.0 pounds, 
Hay, - - - 11.0 pounds, 4.0 pounds. — 
Oat hay, - = - 5.3 pounds. 8.0 pounds. 3.0 pounds. 
Ensilage, - - - 27.3 pounds, 25.0 pounds. 50.0 pounds, 
Digestible protein, - 2.50 pounds. 2.50 pounds. 2.50 pounds. 
Fuel value, - - 33,450 calories. | 31,550 calories. | 31,350 calories. 
Nutritive ratio, I: - 6.2 5.8 Wren 





Cost of ration, - - 26.3 cents. 23,3 cents. 23.3 cents, 
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Ration No. 1, as fed, was fairly well balanced. ‘The fuel value 
was perhaps somewhat larger than necessary. Nearly all the 
cows of this herd were young, all except five being three years or 
under. It is likely that animals at this stage of growth, especi- 
ally when in milk flow, would need more protein than mature 
animals would. ‘The chief criticism to be made in this case is 
the same as can be made of the majority of rations fed upon 
New England farms. It contains too much of first quality hay. 
Taking the hay at its market value, such a ration is more expen- 
sive than one which uses more of the cheaper coarse feeds and 
less of good hay. Each of the suggested rations (B and C) con- 
tains less hay than the one actually fed. The coarse feed of 
ration C is almost wholly ensilage. Each of the suggested 
rations contains the same amounts of digestible protein as the 
ration which was actually fed. The fuel value is about 2,000 
calories less in the suggested rations than in the one actually fed, 
and the nutritive ratio is smaller in consequence. Ration B 
costs three cents less, and ration C five cents less than A. 


Daily Ration per 1000 Pounds Live Weight Actually Fed to Hera 
Wo. 2, and Suggested Rations. 























As FED. SUGGESTED CHANGES. 
RATION NO. 2. 
A. B. Cs 
Wheat middlings, : - | 4.7 pounds. | 5.0 pounds.} 6.0 pounds. 
Chicago gluten meal, - - | 3.7 pounds. | 5.0 pounds. | 4.0 pounds. 
Pp Ground oats, - I.o pounds. — I.O0 pounds. 
rovender, C 
orn meal, - 2.0 pounds. I.o pounds. | 2.0 pounds. 
Good hay, - - - - 7.2 pounds. — 7.0 pounds. 
Poor hay, - - - = 2.2 pounds. | 3.0 pounds. — 
Ensilage,_ - - - - | 55.3 pounds. | 50.0 pounds. | 25.0 pounds. 
Digestible protein, - - | 2.80 pounds. | 2.50 pounds.| 2.50 pounds. 
Fuel value, - - - - | 37,000 calories.| 31,450 calories.| 30,650 calories. 
Nutritive ratio, I: - - 6.1 5.8 5.5 
Cost of ration, - - - eT CEUs: 2079 ecents. 22.3 .cents, 








Ration No. 2, as fed, was large in protein and fuel value, but 
was fairly balanced. If about one-ninth less of each of the in- 
gredients had been used, it would have come very closely in its 
protein and fuel value to the tentatively suggested standard 
ration of page 100. A grain mixture of one part oats and two 
parts corn, such as used here (frequently called provender), 
seems to be quite a common grain feed in Connecticut. There 
are some reasons to doubt the economy of using oats as a feed 
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for milch cows. The suggested ration B does not contain oats. 
Chicago gluten meal contains® a great deal of protein, and it 
would not be wise to change at once animals which had not been 
receiving gluten meal, to a ration containing as much gluten 
meal as ration B. All changes of feeds should be made gradu- 
ally, so that the animal may become accustomed to the new ration 
without derangement. Ration C is heavier in grain than either 
B or A. It will be observed that both the rations B and C con- 
tain the weights of protein called for by the suggested standard, 
and that the fuel value of B isa little greater and that of Ca 
little less than the standard calls for. Ration C is five cents 
and ration B seven cents cheaper than ration A. If ration A 
were reduced one-ninth, it would give a fairly well-balanced 


ration of about the proper size and its cost would be reduced to . 


24 cents. B and C would then be respectively two and four 
cents cheaper than A. 


Daily Ration per 1000 Pounds Live Weight Actually Fed to Herd 
Lo. 3, and Suggested Rations. 








As FED. SUGGESTED CHANGES. 




















RATION NO. 3. 

A. By Cy 
Cotton seed meal, - - | 4.1 pounds.| 3.0 pounds. | 2.0 pounds. 
Buffalo gluten feed, - - 3.1 pounds.| 3.0 pounds. | 6.0 pounds. 
Hominy meal, - - - | 3.5 pounds.| 4.0 pounds. | 1.0 pounds. 
Hay; - - - a - | I1.0 pounds.| 5.0 pounds. | 10.0 pounds. 
Stover, - - - - | 9.3 pounds. | 15.0 pounds. | 10.0 pounds. 
Potatoes, - 5 - = 7.6 pounds. wis — 
Digestible protein, - - | 3.00 pounds. | 2.50 pounds. | 2.50 pounds. 
Fuel value, - - - - | 37,950 calories.) 31,400 calories.| 31,600 calories. 
Nutritive ratio, I: - - 5.7 | 5.6 5.6 
Cost of ration, - - - 25.7 cents.* 21,5.cents, 22.9 cents. 











* Exclusive of the potatoes. 

Ration No, 3, as fed, contained about three pounds of digest- 
ible protein, and nearly 38,000 calories of energy. The ration 
was about one-sixth larger than called for by the tentatively sug- 
gested standard. The ration contained a very large amount 
(4.1 pounds) of cotton seed meal. Buffalo gluten feed is not 
as rich in protein as is either Chicago gluten meal or cream 
gluten. Still the cotton seed meal and the: Buffalo gluten, 
taken together furnish two-thirds of the protein which would be 
called for by the standard. Hominy meal differs but little from 
corn meal in its composition. It contains about the same per- 
centage of protein as corn meal, and more of fat and less of 
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-carbohydrates, so that the fuel values of the two are about the 
same (1,400 calories per pound). The ration, as fed, contained 
nearly eight pounds per day of potatoes. Potatoes are not very 
valuable as a feed for the actual nutrients which they contain. 
They are popularly supposed to have some physiological action 
aiding digestion, etc., which is not shown by their chemical 
composition. It may be that as large weights of cotton seed and 
gluten as were here used can be safely fed, but so heavy a ration 
as this would demand careful attention of the feeder to avoid 
milk fever and other diseases incidental to high feeding. The 
suggested rations (B and C) are much smaller than A, though 
their nutritive ratios are about the same. If one-sixth less of 
each of the ingredients of ration A were fed, the ration would be 
much like B and C in total protein and fuel value. The use of 
less hay and more stover in rations B and C make them cost less 
than ration B, even after reducing the size of A one-sixth. 


Daily Ration per tooo Pounds Live Weight Actually Fed to Herd 
Vo. 4, and Suggested Rations. 
































As FED. SUGGESTED CHANGES. 
RATION No, 4. 

A. B. C; 
Wheat bran, - “ - | 3.7 pounds.| 6.0 pounds. | 5.0 pounds. 
Cotton seed meal, - - I.5 pounds. | 3.0 pounds. | 3.0 pounds. 
Corn and cob meal, - - 5.4 pounds. —_— 5.0 pounds. 
Hay, - - - - - | 21.4 pounds. | 3.0 pounds.| 5.0 pounds. 
Stover, - - - - g.I pounds. | 20.0 pounds. | 15.0 pounds. 
Digestible protein, * : 2.60 pounds. 2.50 pounds. 2.50 pounds, 
Fuel value, - - - - | 39,800 calories.| 31,300 calories.| 31,300 calories. 
Nutritive ratio, I: - - 7.0 5.6 5.6 
Cost of ration, - - Anse ORNs: 20.3 cents. 25.7; cents, 








‘Ration No. 4, as fed, contains a little more protein than called 
for by the tentatively suggested ration, and its fuel value (nearly 
40,000 calories) is far in excess. The nutritive ratio is wider 
than it is probably profitable to feed. This ration contained over 
21 pounds of hay, which made it expensive, costing about 34 
cents per 1,000 pounds live weight per day. Each of the sug- 
gested rations B and C contains much less hay than A, and the 
grain is used in such quantities as to make the total ration con- 
tain about 2% pounds of protein and 31,000 calories of potential 
energy. The cost of these suggested rations is much less than 
that of A. It would not be wise to make a sudden change from 
such a ration as A to either B or C or other narrow ration. 
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Daily Ration per 1000 Pounds Live Weight Actually Fed to Herd 
No. 5, and Suggested Rations. 




















AS PED: SUGGESTED CHANGES, 
RATION No. 5. 

A. B. cs 
Wheat middlings, - - | 2,2 pounds.| 6.0 pounds.| 4.0 pounds. 
Chicago gluten meal, - - 2.7 pounds. | 3.0 pounds.| 2.0 pounds. 
Cotton seed meal, a 3 3.3. pounds. 1.0 pounds./ 2.0 pounds, 
Hay, - - - - - | 13.3 pounds.| 6.0 pounds./ 15.0 pounds. 
Ensilage, - - - | 33.0 pounds. | 50.0 pounds. | 30.0 pounds. 
Digestible protein, - - | 3.15 pounds. | 2.50 pounds. | 2.50 pounds, 
Fuel value, - - - - | 39,400 calories.| 30,500 calories.| 31,300 calories. 
Nutritive ratio, I: s “of a4 5.5 5.6 
Cost of ration, - - - 28.1 cents. 23.0 cents. 26.6 cents. 











All of the grain feeds of ration No. 5 are quite rich in protein. 
The ration itself is a very large one, though very well balanced. 
The ration as actually fed furnished 3.15 pounds of digestible 
protein, and its fuel value was over 39,000 calories. If one-fifth 
less of each of the ingredients of the ration had been fed, it would 
have been of about the same size as the suggested rations B and 
C, and its cost would have been about the same as B, and con- 
siderably less than C. Ration C is an illustration of the fact that 
hay, if used in considerable amount, makes an expensive ration. 
Ration B contains two pounds more of grain than ration C, but 
costs nearly four cents less. ‘This difference is chiefly due to 
the smaller amounts of hay and larger amounts of ensilage used 
in B than in C. 


Daily Ration per 1,000 Pounds Live Weight Actually Fed to Herd 
No. 6, and Suggested Rations. 
































As FED. SUGGESTED CHANGES. 
RATION No. 6. 

A. B. C. 
Corn meal, - - - - 3.7. pounds. | 2.0 pounds. — 
Wheat middlings, - - 2.0 pounds.| 5.0 pounds.| 5.0 pounds. 
Cotton seed meal, - - 1.8 pounds. | 3.0 pounds.| 3.0 pounds. 
Oat hay, - - - - 4.7 pounds. 5.0 pounds. | 10.0 pounds. 
Hay, - - - - - | I4.4 pounds. — — 
Stover, ay hate = Z 7-5 pounds. | 14.0 pounds. | 12.0 pounds. 
Digestible protein, - - 2.05 pounds. | 2.50 pounds. | 2.50 pounds. 
Fuel value, - - - - |34,500 calories.|31,000 calories.| 31,250 calories. 
Nutritive ratio, I: ~ - Cnt 5.6 5.6 
Cost of ration, - - - 27.5. cents. 20.4 cents. 21:08 cents. 
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Ration No. 6 is low in protein and high in potential enérgy. 
The nutritive ratio (8.1) is greater than that of any of the rations 
which have preceded it. It will be observed that half the grain 
was corn meal, a feed relatively rich in the carbonaceous ingredi- 
ents (fats and carbohydrates) and deficient in protein. Oat hay 
contains rather more protein than ordinary hay does. Hence 
the daily use of five pounds of oat hay made this ration better 
than it otherwise would have been. In each of the suggested 
rations (B and C) good hay was omitted. The digestible protein, 
the fuel values and nutritive ratio and cost of rations B and C are 
practically the same. A change from such a ration as A to B or 
C, or other narrow rations, should be made gradually. These sug- 
gested rations would probably be better if part of the cotton seed 
meal were replaced by gluten or linseed meal. 


Daily Ration per tooo Pounds Live Weight Actually Fed to Herd 
Vo. 7, and Suggested Rations. 
































As FED. SUGGESTED CHANGES, 
RATION No. 7. =; 
A. B. (Gre 
adn. § Ground oats, - 2.8 pounds. — 2.0 pounds. 
oH Cotn meal) —*. 5.7 pounds. 3.0 pounds. | 4.0 pounds, 
Wheat middlings, - - 5.6 pounds. | 4.0 pounds. | 6.0 pounds. 
(Feri linseed meal, .)- - — 4.0 pounds. | 3.0 pounds. 
Hay, - - - - | 24.4 pounds. | I9.0 pounds. | I1.0 pounds. 
Digestible cee Se - - 2.45 pounds. 2.50 pounds. 2.50 pounds, 
Fuel value, + = - - | 42,600 calories.| 30,000 calories.| 31,000 calories. 
Nutritive ratio, I: - - 8.4 5.6 5.6 
(Postol ration, ~ - - - 30.7) Cents. 30.5 cents. 20.4 cents. 





Ration No. 7, as fed, consisted of hay, middlings and proven- 
der (oats and corn ground together). This ration contained 
about enough digestible protein, but the total fuel value was very 
large. The feeding of 24 pounds of hay made the ration an 
expensive one. In ration B, in order to get sufficient protein, 
linseed meal has been suggested in pretty large amount. It is 
safer to feed four pounds of linseed than the same amount of 
cotton seed, as the cotton seed would contain one-third more 
protein. While the total protein of B is not greatly different 
from that of A, the nutritive ratio is so very different that any 
changes should be made gradually. In both rations B and C, 
good hay is the only coarse food. If stover or oat hay were 
substituted for part of the hay of B and C, the rations would be 


much more economical ones. 
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Daily Ration per tooo Pounds Live Weight Actually Fed to Herd 
No. 8, and Suggested Rations. 








AS FED. SUGGESTED CHANGES. 


RATION No. 8. 








A. B. Cy 





Wheat bran, - - - | 4.9 pounds.| 5.0 pounds.| 5.0 pounds. 


Corn and cob meal, - - | 7.3. pounds. | 4.0 pounds. 7.0 pounds. 
Malt sprouts, = - - - — 6.0 pounds. | 4.0 pounds. 
Hay, - - - - | 28.7 pounds. | 15.0 pounds. | 12.0 pounds. 
Digestible eae - - 3.15 pounds. 2.50 pounds. 2.50 pounds, 
Fuel value, - - “ - | 41,350 calories.| 31,500 calories.; 30,850 calories. 
Nutritive ratio, ue - - 6.0 Per) 5.6 





Cost of ration, - - - 38.0 cents. 


27,0 Cents: 20.2 cents... 











Ration No. 8, as fed, was very large, containing 3.15 pounds 
of digestible protein, and its fuel value was over 41,000 cal- 
ories. The ration was fairly well balanced, but was altogether 
too large. If about one-fifth less had been fed, the food would 
probably have been utilized to better advantage. The use of so 
much hay made the ration an expensive one. In the suggested 
rations malt sprouts have been added to the grain feed used. In 
B, six pounds of malt sprouts replace three pounds of corn and cob 
meal and 14 pounds of A; and in ration C, four pounds of malt 
sprouts are fed with 17 pounds less hay than in ration A. Re- 
ducing the quantities of hay and increasing the grain feeds reduced 
the cost of the ration very materially. If, however, some of this 
hay could be replaced by some cheaper form of coarse*foods, the 
price of the ration would be still farther reduced. 


Daily Ration per 1000 Pounds Live Weight Actually Fed to Herd 
Lo. 9, and eer LRations. 

































As FED. SUGGESTED CHANGES, 
RATION No. 9. 
A. B. as 

Corn meal, - ; r - | 2.0 pounds.| 4.0 pounds.| 2.0 pounds. 
Wheat bran, - - - I.5 pounds. | 2.0 pounds. I.0 pounds. 
Cotton seed meal, - - 1.5 pounds. I.0 pounds, I.0 pounds, 
Cream.gluten, - - - 1.5 pounds. I.O0 pounds. I.0 pounds. 
Hay, - . - - | 12.0 pounds. = — 
Rowen, - - - : 5.I pounds, | 12.0 pounds. 15.0 pounds. 
Stover, - : - 5.I pounds, | 10.0 pounds. | 10.0 pounds. 
Digestible protein, - - 2.15 pounds. | 2.50 pounds. | 2.50 pounds. 
Fuel value, - - . - | 29,950 calories.| 31,500 calories.) 30,600 calories. 
Nutritive ratio, T: : 6.4 5.7 5.6 
Cost of ration, - 23,8 -cenisn “+. 24-04 cents. 20:1 - cents. 
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Ration No. 9 is quite small, as estimated by its fuel value, and 
it is also deficient in protein. Its nutritive ratio is quite large 
(6.4). The use of more rowen and stover in ration B, with 
more corn meal and about the same quantities of bran and other 
nitrogenous feeds as in A, gives a larger and better balanced 
ration for the same cost. The use of larger quantities of rowen 
in C, with a corresponding decrease in the quantity of grains 
fed, gives a well balanced ration of about the proper size for 20 
cents. ‘The value of rowen and of clover in particular as a feed 
is pointed out in both these rations and in ration No. 10, where 
by using 15 or 16 pounds of rowen with stover and a compara- 
tively small quantity of grain, a complete ration is furnished for 
20 cents per 1000 pounds live weight. 


Daily Ration per 1000 Pounds Live Weight Actually Ked to Herd 
Vo. 10, and Suggested Rations. 























As FED. SUGGESTED CHANGES. 
RATION NO. I0. rae eA : 

A. B. at 
Corn meal, - - - - | 4.6 pounds. | 2.0 pounds.| 2.0 pounds. 
Cotton seed meal, - - 2.3 polnds, | 1.5 pounds. |. 2:5 pounds. 
Wheat bran, - - - 1.3 pounds.| 2.0 pounds. | 3.0 pounds, 
Stover, - - - - 6.9 pounds.*|~ 8:0. pounds..|° 8:0 pounds, 
Rowen, = - - - | 10.2 pounds. | 16.0 pounds.| 7.0 pounds, 
Hay, - - - - - 5.2 pounds. — 8.0 pounds. 
Digestible protein, - - 2.30 pounds. | 2.50 pounds. | 2.50 pounds. 
Fuel value, - - g - | 32,100 calories.| 30,800 calories.| 30,g00 calories. 
Nutritive ratio, I: - - 6.4 5.6 5.6 
Cost of ration, - : : 23.9. Cents: 20.3 cents. 23/5 cents: 








Ration No. to, as fed, differs from 9 only in being a little 
larger. Practically the same suggested changes are made for 
this ration as for No. 9g, only as gluten meal was not used in 
No. 10, the quantities of cotton seed and wheat bran are cor- 
respondingly increased. Ration B of No. ro and ration C 
of No. 9 are among the least expensive of the suggested 
rations. 

Ration No. 11 (see next page), as fed, was a well balanced 
ration, but was larger than probably needed. ‘The two suggested 
rations, B and C, are alike so far as their digestible protein, 
fuel value and nutritive ratio are concerned. ‘The grain mix- 
tures and coarse foods of the two are, however, quite different. 
Ration B, which uses oat hay instead of merchantable hay, is 
four cents cheaper than C. 
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Daily Ration per tooo Pounds Live Weight Actually Fed to Herd 
Vo. 11, and Suggested Rations. 




















As FED. SUGGESTED CHANGES. 
RaTION No, It. Fea Rane fo Te 
AS B. Cc. 
Wheat middlings, - 3.1 pounds.; 2.0 pounds. | 2.0 pounds. 
Corn meal, - - - 3.1 pounds. — 6.0 pounds. 
Cotton seed meal, - 3.1 pounds.| 3.0 pounds.| 3.0 pounds, 
Wheat bran, - 0.8 pounds. | 3.0 pounds. | 2.0 pounds. 
TL ay ye to Srey meee I2.I pounds. — 10.0 pounds. 
Oat hay, - ¢ - 6.7 pounds. | 12.0 pounds. == 
Stover, - - - 3.8 pounds. | 10.0 pounds.| 5.0 pounds. 
Digestible protein, - 2.75 pounds, | 2.50 pounds. | 2.50 pounds. 
Fuel value, - - - 34.450 calories.| 31,500 calories.| 31,500 calories. 
Nutritive ratio, I: = a7 Bay 5+7 
Gost.of ration:>~. = ~ 28.2 cents. 21,2 .cents, 25.2 (cents. 








Daily Ration per tooo Pounds Live Weight Actually Fed to Herd 
Vo. 12, and Suggested Rations. 

















As FED SUGGESTED CHANGES. 
RATION No, 12. aa 

A. B. Ge 
Wheat bran, = ~ = 3.8 pounds. | 2.0 pounds.| 3.0 pounds. 
Corn meal, - - - - 2.3 pounds. | 4.0 pounds. 3.0 pounds. 
Cotton seed meal, - - | 2.4 pounds. | 1.0 ‘pounds. — 
Malt sprouts, - - - | 4.6 pounds.} 6.0 pounds.| 8.0 pounds. 
Ensilage,  - = = - | 41.I pounds. | 50.0 pounds. | 25.0 ‘pounds. 
Hay, - - - - - | 7.4 pounds. | 3.0 pounds. | 8.0 pounds, 
Digestible protein, - - 3.00 pounds. | 2.50 pounds. | 2.50 pounds. 
Fuel value, - - - - | 30,750 calories.| 31,100 calories.| 31,000 calories. 
Nutritive ratio, I: - - 4.5 5.6 5.6 
(ost: of ration,» -- - - 24.7 cents. 2178: “cents. 23.5 cents. 








Ration No. 12 is the narrowest of the 16. It contains three 
pounds of digestible protein, and the fuel value of the ration is 
not quite 31,000 calories. Its nutritive ratio is 1 to 4.5. The 
animals upon this ration gave the best returns, so far as the five 
days’ tests show, of any of the herds examined, and so far as it is 
allowable to make deductions from one such test, the use of 
larger quantities of protein than suggested in the tentative 
standard ration of page roo, would seem to be justified. The 
suggested rations B and C are wider and contain less protein 
than A. Their fuel values are about the same as that of A, and 
their costs are a little less. If malt sprouts could be bought at the 
price ($12.50 per ton) at which they were used in this ration in 
1893, the ration would be a very cheap one. 
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Daily Ration per ro0o Pounds Live Weight Actually Fed tv Herd 
No. 13, and Suggested Rations. 























As FED. SUGGESTED CHANGES. 
RATION NO. 13. : 2 
A. B. €: 
Cotton seed meal, - - 1.6 pounds. | 2.5 pounds.| 3.0 pounds. 
Wheat middlings, - - | 6.4 pounds.| 6.0 pounds.| 4.0 pounds. 
Corn meal, - - - - | 3.2 pounds.| 4.0 pounds.| 5.0 pounds. 
Ensilage, - - - - | 30.7. pounds. | 40.0 pounds. | 25.0 pounds. 
Hay, - - - - -| 7.5 pounds.| 5.0 pounds. | 10.0 pounds. 
Digestible protein, - - 2.20 pounds. | 2.45 pounds. 2.50 pounds. 
Fuel value, - - > - | 28,750 calories.| 31,300 calories.| 31,300 calories.. 
Nutritive ratio, 1: - - 6.0 5.8 5.6 © 
Cost of ration, - - = 22.8 cents. 23.5 cents: 25.5 cents. 





Ration No. 13 was a small one in both its digestible protein 
and its fuel value. Ration B differs from A principally in con- 
taining a pound more of cotton seed meal and some less hay. It 
contains a little less digestible protein and its nutritive ratio is a 
little wider than that suggested on page 100. Ration C contains 
less wheat middlings and ensilage and more corn meal and hay 
than either A or B. It is a well balanced ration. of about the 
proper size. Each of the rations B and C isa little more expen- 
sive than A. 


Daily Ration per 1000 Pounds Live Weight Actually Fed to Herd 
No. 14, and Suggested Rations. 








AS FED. SUGGESTED CHANGES. 

















RATION No. 14. 

Ay Bree as (el 
Cream gluten, - 2 - 3.1 pounds. 3.5 pounds.| 4.0 pounds. 
Oat feed, - - - - 3.1. pounds. | 2.0 pounds.} 4.0 pounds. 
Wheat bran, - - - 3.I pounds. 5.0 pounds. |} 4.0 pounds. 
Hay, - - - - - | 18.7. pounds. — 7.0 pounds. 
Stover, - - = - 3.6 pounds. | 20.0 pounds. | 12.0 pounds. 
Digestible protein, - - | 2.65 pounds.; 2.50 pounds. | 2.50 pounds. 
Fuel value, - : - - | 33,750 calories.| 31,600 calories.| 31,500 calories. 
Nutritive ratio, I: _ - 5.8 SAT, 5 
Cost of ration, - - - 26.0 cents. 19.2 cents. 24.1 cents. 








Ration No. 14, as fed, is a little larger than the standard calls 
for, but is fairly well balanced. The use of quite large quanti- 
ties of hay makes the ration somewhat expensive. Ration Bisa 
well balanced ration of the standard size, costing only 19 cents. 
This low cost is due to the use of stover alone for coarse food. 
If some other material than oat feed were used, the ration 
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could be made a little cheaper. C differs from B chiefly in hav- 
ing more hay and less stover. It is a considerably more expen- 
sive ration than B. | 


Daily Ration per tooo Pounds Live Weight Actually Fed to Herd 
No. 15, and Suggested Rations. 





























| As FEp. SUGGESTED CHANGES. 
RATION No. I5. RS OPE AGEN ET 

A. Be C3 
Corn and cob meal, - - 5.8 pounds.| 2.0 pounds.| 5.0 pounds. 
Rye meal, - - - - |, 1.0 pounds. cae 2.0 pounds. 
Wheat bran, - - - | 0.9 pounds. | 3.0 pounds:| 3.0 (potnds. 
Oat feed, - 2 - - | 0.6 pounds. | 3.0 pounds. = 
O. P. linseed meal,_ - - | 0.6 pounds. |. 3.0 pounds.) 92,0. pounas: 
Gluten meal bran, - - — 1.0 pounds. = 
Malt sprouts, - - z eee — 4.0 pounds. 
Tay, = - - - - | 11.8 .pounds. | 6.0 pounds.| 2.0 pounds. 
Stover, - - - - 8.5 pounds. | 12.0 pounds. | 11.0 pounds. 
Digestible protein, - - 1.35 pounds. | 2.50 pounds. ; 2.50 pounds, 
Fuel value, - - - - | 30,900 calories.| 30,800 calories.| 31,400 calories. 
Nutritive ratio, I: - - t1.5 5.6 5.7 
Cost of ration, - . = 23 0 GEMtS, 23.2. cents; 22.8 cents. 





Ration No. 15 is the widest, that is, contains the least digest- 
ible protein in proportion to its other nutrients, of any of the 
rations examined. It has only 1.35 pounds of digestible protein, 
with a nutritive ratio of 1 to 11.3. It is not practicable to make | 
a well balanced ration out of the materials which were fed in this 
case; hence the grains fed in B and C differ in kind from those 
of A. It is to be observed that both B and C are well balanced 
rations furnishing 244 pounds of digestible protein, and have 
practically the same fuel values and costs as A. ‘This instance 
illustrates the fact that it costs no more to feed a well balanced 
than an illy balanced ration. There can be little doubt but that 
either B or C would give a great deal better returns than were 
obtained from A. 

Ration No. 16 (see next page) is also very wide. It contains 
only 1.45 pounds of digestible protein and less than 30,000 cal- 
ories of energy. ‘The addition of more grain, including linseed 
meal, makes a ration which is well balanced and at no more cost, 
as is shown by rations Band C._ It will be observed that while 
B and C contain about the same quantities of digestible protein 
and differ little in their fuel values, that the rations are quite 
different in their make-up. 
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Daily Ration per r000 Pounds Live Weight Actually Fed to Herd 
_ Wo. 16, and Suggested Rations. 





























AS FED, SUGGESTED CHANGES. 
RATION No. 16. ae fa 

: Ay B. C: 
Comm meal, - - - - 3.1 pounds. | 2.0 pounds.| T.o pounds, 
Wheat bran, - - - 1.7 pounds.| 6.0 pounds.| 3.0 pounds, 
Buffalo gluten feed,  - - 2.1 pounds. | 4.0 pounds. 5.0 pounds, 
O. P. linseed meal, - - —- 2.0 pounds. | 2.5 pounds. 
Hay, - : > 5 + | T4.2) pounds, “a5 6.0 pounds. 
Poor hay, - - - - | 3.8 pounds.| 6.0 pounds.| 3.0 pounds. 
Stover, - = - - |’ 3/3 “pounds, | 7.0 “pounds. | 8.0) pounds. 
Digestible protein, - - | 1.45 pounds.; 2.50 pounds. | 2.50 pounds. 
Fuel value, - - - - | 29,600 calories.| 31,000 calories.| 31,000 calories. 
Nutritive ratio, 1: = - | 9-3 5.6 5.6 
Gest of tation, —- = - 23° Q) Cents: 22.0 -cents, 23.6 cents, 








As stated at the commencement of this paper, the studies here 
reported upon were undertaken as the beginning of an investiga- 
tion into the feeding practices and the characters of the dairy 
herds of Connecticut. The investigation is being continued dur- 
ing the present winter, and it is expected that full accounts of 
the later results will be printed in the Annual Report of this 
Station for 1894. 

It is our belief that the results thus far obtained merit the 
careful consideration of dairy farmers. ‘The subject of cattle 
feeding and handling is a large one, and only general principles 
can be advanced. No hard and fast rules for feeding are now 
known, and doubtless none ever will be known. It is nevertheless 
true that the man who exercises the largest amount of good 
judgment, based upon all that the most advanced science can 
bring to him, and who tries to put into practice the knowledge 
thus acquired, will be on the much surer road to success than 
one who works blindly. There may be no “best” breed, no 
“best” ration, and no “best”? way of handling dairy stock, 
yet there are bad sides to all three questions, and the man who 
learns to avoid the bad is well on the road toward the best. 
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METEOROLOGICAL OBSERVATIONS. 


BY) C.°S.: PHELPS. 


ee 


The meteorological observations made at the Storrs Station 
during 1893 have been similar to those of past years. The 
Station equipment consists of the ordinary instruments for ob- 
taining temperature, pressure of the air, humidity, rainfall and 
snowfall, uniform with those used by voluntary observers for the 
U.S. Weather Service. In addition to the records mademat 
Storrs, the rainfall for the growing season has been recorded by 
farmers conducting field experiments for the Station, and a few 
other voluntary observers. 

The rainfall for the year, as measured at the Station (46.7 in.), 
is a little below the average of the State. The average for six 
Connecticut stations of the New England Meteorological Society, 
having records covering a period of ten or more years prior to 
1890, is 49.1 inches. The records at Storrs for the five years 
ending with 1893, give an average of 46.8 inches. 

The precipitation was largest during May and smallest during 
the months of June, July, and the first half of August. It will 
be noticed that the rainfall was deficient during just that portion 
of the year when most needed by the greater part of our common 
farm crops. ‘These conditions caused great injury to such crops 
as corn, potatoes, grass and tobacco. 

The temperature for the first two months of the year was con- 
siderably below the average, and the snowfall was quite heavy 
during the latter part of the winter. 

The spring opened a little later than usual. The last damag- 
ing frost occurred May 8th. The summer months were charac- 
terized by frequent drying winds and a moderate temperature, 
with light rainfall till after the middle of August. 

Light frost appeared on. low ground Sept. 3d. The first 
killing frost occurred Oct. 17th. This gave a growing season of 
161 days since the last damaging frost in the spring, while the 
average growing season, since the Station began its observations 
in 1888, is 145 days. 

















METEOROLOGICAL OBSERVATIONS. 


Li ys 


During October the rainfall was large, and the supply of water 
in wells and springs was generally replénished. 
Through the kindness of the New England Metecrolosicnl 
Society we are able to publish rainfall records from fourteen of 


their Stations. 


Table 34 gives the rainfall as recorded for the six months end- 
ing October 31st, for twenty-two localities in the State, and table 
35 gives the summary of observations made by the Station at 


MStorrs. 


TABLE 34. 
Rainfall during Six Months ending Othe gl Tao9 








LOCALITY. 





Falls Village, - 
Oxtord, - - 
Norwalk, - 
Waterbury, - 
New Hartford, 
Canton, - - 
West Simsbury, 
Patttord, “= 
Wallingford, - 
New Haven, - 
Middletown, - 


South Manchester, 


Vernon, - = 
Storrs) «= 

North BAtin. 
Lebanon, - 
Lebanon, - 
Colchester, - 
New London, - 
Lake Konomoc, 
Voluntown, - 


N. Grosvenordale, 


Average, - 














OBSERVER. 


Dean, - 
Stevens, 
Comstock, * 
Welton,* 

. R. Smith, * 
ee PACOse a 
Syiele. Stockwell, * 
Prot. ostiart, 


EL. 
aR: 
me 
- J. 


PAO HS 


Mrs. B. F. Harrison,* 


Weather Bureau,* 
C. W. Hubbard,* 
Kk. B. Loomis, 
E. H. Lathrop, 


Experiment Station, 


C. H. Lathrop, 
J taal ucker, 
Edward Hoxie, 
SiR Wallard. 
Weather Bureau,* 


N. London W. Wks.* 





INCHES PER MONTH. 





bs 
3 
= 


5.52 
7.63 
6.84 
6.44 
Wat 
7.52 
6.75 
7:44 
8.06 
7.08 
7 20 
5.03 
5-59 
7.12 
8.34 
8.19 
8.63 
7:97 
5.02 


7-17 


Rev. E. Dewhurst,* |7.10 
C. H. Truesdell,* - [6.03 


6.99 





June. 


2.49 
2.64 
2.10 
1.82 
2.09 
5.00 
Ba 
2.06 
2.35 
B07 
2.99 
3.01 
2.98 
1.98 
3.73 
217 
Br St 
I.gO 
3.60 
2.63 
2.57 
1.75 


2.65 





July. 


3-30 
2.80 
3.64 
3.31 
Yat! 
1.95 
2.37 
1.64 
2.24 
1.89 


3.42 
2.63 
1.58 
2.25 
bY ay 
FIl 
1.43 
I.51 
0.91 
1.48 
127 


2.12 





August. 


5.50 
sol 
6.57 
720 
5-47 
4.91 
4.29 
4.14 
4.75 
4.86 
4.98 
4.58 
4.15 
3.79 
3.43 
3.64 
353 
4.23 
3.69 
3-37 
4.14 
4.03 


4.69 








September. 


3.89 
2.51 
2:38 
1.75 
3.23 
3.23 
2.83 
25.30 


2.24 
2.55 
2.61 
2.06 
2.38 
2.75 
3.56 
3.42 
3.06 
2.29 
ool be 
3.32 
2.44 





2.69 


October. 


3-99 
5.31 
5.16 
5.21 
6.48 
5.92 
5.01 
ar72 
4.87 
4.75 
5-54 
4.62 


6.717 
4.91 
5.56 
4.42 
6.60 
2.20 


3.83 
4.55 


5.02 





Total. 


————o 


24572 
28.70 
26.69 
25.75 
26.94 
28.53 
24.77 
22.36 


22.89 


23.27 
23.56 
25.41 
24.29 
24.92 
25.19 
13347 


21.34 
20.07 


24.32 





* New England Meteorological Society Observers. 
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FIELD EXPERIMENTS WITH FERTILIZERS, 11g 


FIELD EXPERIMENTS WITH FERTILIZERS. 


BY @.)S. 2 oLeGes. 





The Station has continued its codperative field experiments 
through a sixth year, the plan being essentially the same as that 
adopted in the spring of 1888. 

The field experiments conducted by the Station at Storrs and 
on fatms in different parts of the State for the year 1893, have 
been largely “‘Soil Tests.” One “Special Nitrogen” experiment 
on Hungarian grass was made at the Station. 

Owing to the severe drought during July and August the crops 
on nearly all of the fields experimented upon were considerably 
injured, and the effects of the fertilizers were much less than 
might otherwise have resulted. On many of the fields the texture 
and the amount of organic matter of the soil of different plots 
varied considerably, and hence the available moisture supply was 
not the same on all. This, in most of the experiments, influenced 
the plot yields unequally and makes deductions from the use of 
the fertilizers more or less unreliable. For this reason there are 
given, for several of the experiments, simply tabulations of the 
results without deductions or comment. In other words, most of 
the experiments are made of little value by the drought, never- 
theless it seems wise to put the results on record. 

The object aimed at is to study the soils of different regions, 
learn their deficiencies, and find how to apply fertilizers so as to. 
meet the needs of particular soils and crops in an economical 
way. The wide variations in soils indicate that the results of any 
one experiment are applicable only to the particular soil experi- 
mented upon, or to soils of a similar character. Where this class 
of experimenting is wholly on the Station farm, the work has only 
a local value, and in order to make the experiments of highest 
value to the farmers of the State they must be carried out ina 
considerable number of places. If the important operations, such 

as the selection of the field, the laying out of the plots, the plant- 
ing, the application of the fertilizers, and the weighing and har- 
vesting of the crop, are under the supervision of an officer of the 
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Station, there is no reason why the work cannot be carried out 
with the same degree of accuracy on farms about the State as at 
the Station. 7 | 

A summary of the results of fifteen years’ experimenting by 
soil tests with fertilizers on farms throughout New England will 
be found in the last annual report of this Station.* The reader 
is referred to this for a more extended report on the value of 
such experiments and the practical deductions. 


The following persons have codperated in the experiments 
during the past year: 


POST OFFICE. 


Ms n.Dean,. “= - : - - - Falls Village. 
Elbert Manchester, - = = - 2 Bristol. — 
Mer tobb AG. sSperry,= g- - a) ieee - Bolton. 
William E. Alvord, - “ a = - Bolton. 
oni, Latorop, - - - - - North Franklin. 
C. A. Sharpe, - - - - - - - Abington. 


In connection with most of the experiments, rainfall records 
have been kept during the growing season. On page 117 will be 
found the rainfall records for the six months ending October 
31st, for 22 localities in the State. 


TABLE 36. 


Percentages of Dry Matter of Corn in Ears (Grain and Cob), and 
the Number of Pounds of Ears required for a Bushel 
of Shelled Corn. 





Pounds of ears at 


ig 5 7% T 
Water-free Corn harvest to equal 














in ae 66 Ibs. ‘shelled 
NAME AND LOCALITY. at Harvest. corn with: 11% 
water. 

Good. Poor. Good. Poor. 
% % Lbs. Lbs. 
M. H. Dean, Lime Rock, - ~ - 57.5 52.5 83 97 
William E. Alvord, Bolton, - . 57.9 55.5 87 98 
Lm LAE all DRY Sperry, Bolton, - - 55.7 51.0 89 97 
Elbert Manchester, Bristol, - - 54.2 40.0 92 125 
C. A. Sharpe, Abington, - - 2 60.9 53.0 82 94 
C. H. Lathrop, North Franklin, - 56.2 50.7 88 98 














* See Fifth Annual Report, 1892, pages 67-84. 
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POUNDS REQUIRED FOR A BUSHEL OF DRY SHELLED CORN. 


The percentages of water at harvest in the corn of the different 
experiments are found to vary considerably. The field weights 
are; NOt. an accurate measure of the value of the crop. The 
moisture and the proportions of cob to corn vary widely on dif- 
ferent fields, but have been found to be fairly uniform on differ- 
ent plots of the same field. Moisture tests of the corn, at the 
time of harvest, have been made for all but one of the experiments 
in order to find the number of pounds of ears required to make a 
bushel of dry shelled corn. The differences in the percentages 
of water-free corn may be ascribed to two causes; variations in 
the proportion of corn to cob and variations in the moisture con- 
tained in the ears at harvest. Owing to heavy rainfalls this year, 
while the corn was in the shocks, it was not as well dried as 
usual at harvest. Mr. Manchester grew a dent variety, and the 
corn seemed quite moist at harvest. The corn in nearly all cases 
contained a larger percentage of water than usual, and there 
are quite wide variations in the different experiments. 

These differences point out the importance of knowing the 


“moisture in the crop of each field instead of depending upon 


averages. From 70 to 75 pounds are commonly considered a 
sufficient weight of ears to make one bushel of dry shelled 
corn, but in these experiments an average of 88 pounds was 
required. 


SOIL TEST EXPERIMENTS. 


The plan of experiments for soil tests consists in applying, on 
parallel plots of land, fertilizers containing nitrogen, phosphoric 
acid, and potash, singly, two by two, and all three together. The 
fertilizing materials were in all cases supplied by the Station in 
standard commercial forms, such as nitrate of soda, dissolved 
bone-black, and muriate of potash. In all of the experiments 
here described, the cost of the fertilizer is estimated from the re- 
tail selling prices of the materials, plus $2 per ton for mixing and 
freights. 

On the following pages, the comparative yields of the experi- 
ments discussed are shown by means of diagrams. ‘The fertilt- 
zers and the weights are given at the left of the diagram. ‘The 
lengths of the lines represent the comparative yields per acre 
from the different plots, and the figures given in the last column 
show the actual yields per acre. 
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At the close of this article will be found a series of tabular 
statements, giving the results in detail. In all cases, the yield 
of shelled corn per acre is reported on the basis of 11 per cent. 
water, and the stover on the basis of field weights. | 


EXPERIMENTS BY M. H. DEAN. 


The field upon which these experiments were located is in the 
Housatonic Valley. The soil is alluvial, light loam, with very 
little vegetable matter, and apparently worn down by previous ~ 
cropping without manure. 

Experiments similar to the one of 1893 were conducre by the 
Station on this field in 1889 and 1890, the order of plots and the 
kinds of fertilizers being the same each year. The quantities of 
fertilizers used in 1890 were double those used in 1889, for each 
plot. The most marked results of the earlier experiments were 
the large increase in yield from the use of potash and nitrogen, 
and the apparently injurious effects of phosphoric acid. In both 
the years 1889 and 1890 plot E, with nitrate of soda and muriate 
of potash, gave a larger yield than plot G with the same fertil- 
izers and dissolved bone-black in addition. In 1890, plot Ga was 
added in place of the plaster plot (H). This plot was similar to 
Gin the amount of nitrogen and potash used, but had a very 
large amount of phosphoric acid. The yield on Ga was some- 
what greater than on G, but was less than on E, where only 
potash and nitrogen were used. 

This led to the query as to whether the soluble phosphoric — 
acid, in the form of dissolved bone-black, did not prove injurious 
to the crop. The following was offered, at that time, as a pos- 
sible means of explaining the peculiar phenomenon: 

‘‘This apparently injurious effect of soluble phosphates is most frequent on 
sandy soils, naturally deficient in nitrogen. The most plausible explanation 
seems to be that the soluble phosphoric acid, in the absence of an abundant 


supply of available nitrogen, checks the growth and hastens maturity. The 
leaves turn yellow and the crop prematurely ripens, and a smaller yield results.”’ 


In 1891 an experiment in green manuring was undertaken on 
this field for the purpose of ascertaining if the absence of an 
available supply of nitrogen might account for the lighter yields 
of corn when soluble phosphates were present in excess. 

Cow peas were sown broadcast upon the entire field about 
June 1st, 1891, at the rate of one bushel per acre. A medium 
heavy growth was produced, and the crop was plowed under and 
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_ the field seeded to rye the first week in September. The weight of 


unthreshed rye per acre at harvest is given in the following table: 


WEIGHTS OF UNTHRESHED RYE PER ACRE, 


LBs. PER ACRE, LBs. PER ACRE. LBS. PER ACRE. 
Plote0- = - 3130 Piotr: - 4180 Plot Rss - 4470 
Plot A, i - 3740 Plot oo, - 4060 Flot.G, - 4610 
Plot. B; - 3840 Plots; - 4600 Plot Ga, - 4470 
Plot 13 3 - 4400 


From this tabulation it will be noticed that the plots to which 
potash had been applied in the corn experiments (see diagram on 
next page) gave the largest yields of rye, although the phos- 
phoric acid plot (B) gave better results than nitrogen plot (A). 

From the diagram on the next page giving the yields of corn 
for the three years 1889, 1890, and 1893, it will be seen that 
naturally the soil was especially lacking in potash and nitrogen; 
and that the clover plowed under added largely to the supply of 
available nitrogen. In 1893, mineral fertilizers alone (plot F) 
gave nearly as large yields as plot G, which had in addition to 


_ the minerals, 160 pounds of nitrate of soda. 


Early in the spring of 1892, red clover seed, at the rate of ten 
pounds per acre, was sown broadcast upon the entire field, and a 
fair ‘‘catch” resulted. The clover developed quite rapidly after 
the rye was harvested, and a heavy growth was produced dur- 
ing the fall of 1892. The clover was plowed under May 20 and 
22, 1893, and the land prepared fora soil test experiment with 
corn. The kinds and amounts of fertilizers used were the same 
as for our regular soil tests (see weights for 1889), except plot Ga 
took the place of plaster. This plot had the same amount of 
nitrogen and potash as G, but double the amount of phosphoric 
acid. 

A striking peculiarity of the soils of this region is the presence 
of large quantities of phosphates. The soil is alluvial, and was 
apparently formed from the decomposition of limestone forma- 
tions located along the Housatonic Valley to the northward. 
This limestone evidently contains phosphates, and by its decom- 
position these phosphates must have-been added to the soil. In 
the earlier experiments the dissolved bone-black (phosphoric 
acid) seemed to be détrimental to the crop, but in the latter test 
(1893), in the presence of an abundance of available nitrogen, it 
proved of value, although the increase in yield was slight where 
double the ordinary quantity was used (Plot Ga). 
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SOIL PESTVWITH FERTILIZERS ONGUGK 
By M. H. DEAN, Lime Rock. 
7° é “4 
Fertilizers and Vields for 1889, 1890 and 1593. 
; ; YIELD SHELLED CORN PER ACRE IN 1889, 1890, 1893. 
c FERTILIZERS, (11 % Water.) ; 
~ Lbs.} Lbs. Q 
Kind. per| per Comparative Scale. Bu. @ 
Acre} Acre. % 
ISSO } 
and | 18&90. 5 
se. po 9-9 
| 
o. | Nothing, -|—-|]—- 4 1890| = 3.9 
| 1893 —_—— 10.353 
(1830 | tteteneeeeneeneon 16.9 
| : 
A. | Nit. of Soda, - | 160] 320 | 1890) ssc 12.9 @ 
| 
| 1893 EES 16.2 
f 1889 —a g.1 
B. | Dis.Bone-black,| 320, 640 1890] ames 5.0 & 
| 1893 en] 8.9 
(| SSC, smsessnsscrsscsemmmsa 18.8 
| 
cr Mur. of Potash,) 160, 320 |< 1890|=_1 7.2 
! 
| 1893 Lo ce RS eee) 23.8 
1889 ED 18.0 @ 
{ Nit. of Soda, - | 160) 320 
D. ( Dis. Bone-black, 320 640 4 18 QO qe 17.0 
“ | 1893 (LE 5 92°o) 
Boe prensa 14.7 4 
00.| Nothing, -;—| — 4 1890| 7.3 
L 1893 Las a nee a ese 19.3 
( 188 (Geese RET 25.3 
. |J Nit. of Soda, - | 160} 320 
E. ( Mur. of Potash,| 160 320 { 1890 44-4 
{ 1893 a ET 32.6 
( 1889) . 17.4 9 
Dis.Bone-black,) 320) 640 kets 
F. ee of Potash,| 160 ee TE90 8.8 f 
| 1893 AURORE SS SSE 36.9 
[ Nit. of Soda, - | 160] 320 Beterernc oro 22a 
Ge Dis. Bone-black, 320 640 4 10) eemtesarammemens mses sees ee ta 25 SRST 35.0 
: | Mur. of Potash,| 160} 320 | 1893 see , 
ie Plaster, - - 400 —— 188 0 | tee \ 14.8 
* Wit:of Soda, es), 2-3 g0 
Ga |Dtoetic a beet | 1 OU sesame sen ne RE TT RE 40.4 
Murvot Potash a= 320 \ 1893 ST ETE 42.8 














* H of 1889 is the same plot as Ga of 1890 and 1893. 
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SOIL TEST WITH FERTILIZERS ON CORN, 1893. 
By M. H. DEAN, Lime Rock. 








YIELD SHELLED CoRN PER ACRE. 























5 FERTILIZERS. (11 % Water.) 

Z 

2 Lbs. : 

o Kind. per Comparative Scale. Bu. 

Acre. 

©; Nothing, - - S| 10.3 

A. Nitrate of Soda, - |160 eA HE RT EES 1622 

B. Dis. Bone-black, - |320 | scum 8.9 

cr. Muriate of PotaSh, |1[60 | ates 28.5 

{ Nitrate of Soda, - |160} 

a 1 Dis. Bone-black, - |320 § pa 

oo. Nothing, - - — | eee 19.3 
Nitrate of Soda, - |160 a 
Muriate of Potash, |160 32. 
Dis. Bone-black, - |320 36 
WMuriateot Potash, [160 } |". v0 ages eee |. 9 
Nitrate of Soda, - |160 

G. Dis. Bone-black, - 320 (RRR 2 DS 39.5 
Muriate of Potash, |160 
Nitrate of Soda, - |160 

Ga. Dis. Bone-black, ! 640 a gS 42.8 
Muriate of Potash, |160 





Four points are especially emphasized in the experiment of 
1893: 

(1) The necessity of preparing fertilizers so as to meet the 
needs of soils. 

(2) The importance of stocking light, porous soils with a large 
amount of organic nitrogen in order to supply nitrogen to the 
crop and get the best results from the mineral fertilizers. 

(3) The value and economy of legumes for improving light, 
porous soils, by plowing in as manure. 

(4) The evidence that soluble phosphates may prove a detri- 
ment to the crop on certain light soils, unless there is an abun- 
dance of available nitrogen present in the soil. In the absence of 
available nitrogen the phosphates seem to hasten maturity and 
thus shorten the life of the plant. This is a probable explanation 
of the way the phosphoric acid diminishes the yield. 


oO 
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SOIL TEST EXPERIMENT BY THE STATION ON COW PEAS. 


This experiment is the fourth in a series of tests planned as a 
rotation soil test experiment, the same fertilizers being used on 
the same plots year after year.* Beginning with 1890 the Crops 
grown on this field have been corn, potatoes, oats and cow peas. 
The plan was to grow scarlet clover in 1893, but the crop failed 
to make a good growth while young, and hence the test with 
clover was abandoned. 

The field slopes gently to the south, but not enough to cause 
serious washing. The soil is a heavy loam, and the subsoil is a 
yellow, compact, clay loam. In 1889 it was noticed that the soil 
seemed to be poorer toward the west side of the field. For this 
reason the field was laid out into two half-acre experiments, the 
order of the plots on the two being reversed, as per diagram. 

ARRANGEMENT OF PLOTS IN STATION EXPERIMENT. 


UNMANURED STRIPS SEPARATE THE PLOTS. 
for fertilizers used on plots, see diagram on opposite page. 






















































































HAST. 
| ELOU.O; PLOT 
PLOT A. PrOrr ccs 
rT f PLOT 000. 
=a "| PLoT G. 
: PLOT 00. | niet o 
ie | PLor .D: PLOT Te. - 
0 | PLoT E. PrvoTck, 4 
y |- Sec a PLOT 00. ; 
| Tipton Gotan aR Pio C. 
Te Soy at eee PLoT B, 
PLOTUX: | PLOT.Ay 
Tory, ' PLOT o, 
WEST. 


The yields of the duplicate plots in each case are averaged in 
estimating the yield per acre. This helps toward eliminating the 
errors due to irregularities of soil. All of the plots were laid out 
running north and south. 





* For description and results of earlier experiments on this field, see Report of this Station, 
1890, pp. 69-71. 
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Ley 


- Beside the regular soil test, two other plots were added, one 
(Y) with a medium amount of stable manure and the other (X) 
with a smaller quantity of manure, but in addition dissolved 
bone-black at the rate of 160 pounds per acre. 


SOIL TEST WITH FERTILIZERS ON COW PEAS. 





By THE STATION, Storrs. 



































; YIELD PER ACRE, 
E FERTILIZERS. Piinciisa'e Water.) 
x) Lbs. 
= Kind. per Comparative Scale. Lbs. 
LCT: 
O. Nothing, - - —— 10,230 
A. Nitrate of Soda, = 160 Berm Set ie eee 10,960 
B. Dis. Bone-black, 320 sunenereennetnreersntrnenmersrmerenannnernereeememern 10,710 
Cc. Muriate of Potash, 160 ee eee ES I 1,680 
oo. Nothing, - - —_— SER RET CRETE Q,725 
Nitrate of Soda, - 160 } 
HY. Dis. Bone-black, 320 ( a Se] 12,920 
Nitrate of Soda, - 160 ( 
E 1 Muriate of Potash,| 160 $ 2S AAMAS sae CAS E5335 
§ Dis. Bone-black, 320 
( Muriate of Potash,| 160 SE EST 
Nitrate of Soda, - 160 
G. Dis. Bone-black, 320 SGP Fs EE TE BSD LE SAEED SED 16,210 
Muriate of Potash,| 160 
OOO Nothing, - = Ce EE SSE ET EL RS CT I2,100 
Stable Manure, - |12,000 iad i eo mege en 
a De foneback, | 160) ———— 15,795 
Y. | Stable Manure, - |16,000 15,875 
‘ | 











Twenty pounds per acre of scarlet clover seed were sown April 





2sth, and the fertilizer was applied May gth. Very heavy rain- 
falls, which occurred early in May, packed the surface soil and 
so retarded the growth of the clover that the weeds soon gained 
Early in June it was decided that the field should be 
The land was thoroughly harrowed June 
sth and 6th, and all weeds destroyed. The field was thinly 
stocked with clover about two inches high at thistime. The 
Clay variety of cow peas was sown June 7th, in drills 2 feet 4 
inches apart, at the rate of 40 quarts per acre. The seed germi- 
nated well, and by June 17th the field was well stocked. No 


control. 
planted to cow peas. 
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marked differences were noticed in the growth on different plots 
till the latter part of July. | 

July 31st it was observed that the plots to which dissolved 
bone-black had been applied were making better growth than 
the other plots. This was noticeable on plots B, D and F. 
Later in the season the plots with potash took the lead. 

Asis usually the case with legumes, potash seemed to have the 
most marked influence on the yields. Plot C gave the heaviest 
growth of any of the plots with single fertilizers, while E with 
nitrogen and potash gave a considerably better growth than D 
with nitrogen and phosphoric acid. 


The increase from the use of nitrogen (nitrate of soda or 


manure) was not very marked, as may be seen by comparing the 
yields on F with only mineral fertilizers with that on G with a 
complete fertilizer, and on Y with manure and X with manure 
and dissolved bone-black. 

The percentage composition and the yield of the different nu- 
trients per acre are shown in table 37, on the opposite page. 

The influence of nitrogen on the composition of the crop of 
this experiment is quite interesting. Unlike the grasses, the 
legumes seem to be but little affected in their protein or nitrogen 
content by the addition of nitrogen in the fertilizers. Potash 
appeared to have the most marked influence over the percentage 
of protein in the crop. Plot C with potash alone, and Plot F 
with potash and phosphoric acid, gave the highest percentages of 
protein in the crop. | | 

Plot G with a complete fertilizer costing $12 per acre, yielded 
only 420 pounds per acre more than plot F, which had the same 
mineral fertilizers, but no nitrogen, and cost $8 per acre. The 
total protein on the two plots was very different from the total 
crop. Plot G, with nitrate of soda, yielded protein at the rate of 
496 pounds, while I’, without the nitrate, produced at the rate of 
534 pounds per acre. 

This experiment points out two reasons for not using nitrogen 
compounds to any considerable degree, in the fertilizers used in 
growing leguminous crops. The total yield is but little if any 


greater where nitrogen is used, and the protein in the crop does . 


not seem to be increased by its use. 
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TABLE 37. 


Proximate Composition of Water-free Substance of Cow Peas and 
— Proximate Ingredients per Acre in Cow Peas. 








































































































> i] 
S 8 d Omar: 5 
2 FERTILIZERS, be 5 & 32 5 2 @ 3 
a $ ae Seed ana 7 
Composition.* % % % % % % 
O. Unmanured, - - £2340 POC weston dA 7.50 10.95) F105 2744 
OO. Unmantred, - - 1295 KIO:aD 5. 00e 44.09) 1220.00: 11 13,00 F276 
ooo.| Unmanured, - - P2863) TErS3 iin 3O7) 4 4ci7. | 2t.O2 12.0%, 2770 
Av. of Unmanured, | — | 18.88} 3.51 | 45.24 | 20.34 | 12.58 | 2.68 
A. Nitrate of Soda, - | 1237 | 17.02] 3.44 | 48.59 | 19.86 | 11.09 | 2.45 
5; Dis. Bone-black,_ - 1238 |/25,04:) 19.2841-45.23 | 20/22 | 12.3331 2:'70 
tay Muriate of Potash, - | 1239 | 19.76] 3.50 | 42.77 | 20.31 | 13.66 | 2.83 
D \ Nitrate of Soda, -) 6 . 6 
: : Dis, Bone-black, - =| 1240 |/17.24 (75,024).47-21 9.0L | 12.02 2.4 
Nitrate of Soda, - 
E; 1 heeisee ot poe fi 1247 .) 16.0) 3245" 45.00 [122,60:| 12:85 | 2.394 
F, 1 Bt rat ; 1242 | 19.88 | 3.61 41.06 22.53:| 12.92 | 2.92 
Nitrate of Soda, - 
G. Dis. Bone-black,_ - 1243 118.02 | 3.58. -42.65)| 22/24 | 13551 12:65 
Muriate of Potash, - ; 
f * 
X. i Deri ea uc é 1244} 19.17.) 33552) 43-80 |¢21.40 [12.08 | 2.80 
ye Stable Manure, - 1245,| 18.08} 3.73 | 44-409 1:21.42 | 12.26 1.2.03 
S 
AR 
Q 8 
FERTILIZERS. = bss (Libs. Lbs) Lbs, bs. 
Sela. 
Lbs. 
O. Unmantured, - _ 1739 297 65 827 347 209 een 
oO. Unmanured, - 1653 Chey) 61 728 332 Pay ae 
ooo.| Unmanured, - 2 2057 387 64 909 | 432 265 ih — 
Av. of Unmanured, | — 304 | 68 | -821) 870) 228 | — 
aX. Nitrate of Soda, - 1863 Ghiy: 64 905 370 207 | — 
B; Dis. Bone-black,  - 1821 345 59 824 369 a24° | 
oo Muriate of Potash, - 1986 393 69 849 404 271 | — 
D. Bs cc black Et 2196 | 378 | 79 | 1037 | 438 | 264 | — 
g. | Nitste of Soda, -{| 2267 | 363 | 78 | som | 513 | 202 | — 
p. | {Dis Boneblack, <1) 2664 | 524 | 96 | xzor | os | 348 | — 
Nitrate of Soda, - 
G. Dis. Bone-black, - 2755 496 98 1174 614 373 | — 
Muriate of Potash, - 
ex. Sh iae slack 3 2685 | 515] 95 | 1176| 575 | 324 | — 
Y. Stable Manure, - | 2699 | 487 | 100."-} 1202 578 332 | — 





* For composition on fresh basis, see page 21 of this Report. 
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SPECIAL NITROGEN EXPERIMENT BY THE STATION ON HUNGARIAN 
GRASS. 


The field used for the special nitrogen experiment on Hun- 
garian grass is the same as was used during the past three years 
for similar experiments on mixed meadow grasses.* 


DETAILS OF THE EXPERIMENT. 


The experiment was similar to the special nitrogen experi- 
ments with corn, described in previous Annual Reports of the 
Station.t It will be observed that plots 1 to 5, on which nitro- 
gen, phosphoric acid, and potash are applied singly and two by 
two, and also plot 6 with mixed minerals, were omitted from 
these experiments. These soil test plots were omitted for lack 
of room in the field, and not because interesting results might 
not have been expected from them. 

The general plan of the experiment was to apply the same 
quantities of mineral fertilizers (potash and phosphoric acid) to 
all the plots except two, which were left unmanured. Nitrogen was 
added to all of the fertilized plots, except two, at the rate of 25, 
50 and 75 pounds per acre. The whole experiment, as planned, 
includes the use of nitrogen in the three forms: nitrates, ammonia 
salts, and organic nitrogen. In the experiment with meadow 
grasses (1890-91-92), the three plots of the organic nitrogen 
group were omitted from the results, as there was much clover 
with the grasses. No fertilizers were applied on this part of the 
field during 1891 and 1892, and the amount of clover in the crop 
of 1892 was considerably reduced. 

The field has a gentle slope to the south and southwest, but 
not enough to occasion the washing of fertilizers from one plot 
to another. The plots contained one-eighth acre each, and were 
laid out so as to conform to the slope of the field. They are 
302.5 feet long by 18 feet wide, with unfertilized strips 3 feet 
wide between plots. 

The soil is a medium eae loam, and the sub-soil is slightly 
clayey and adhesive. ‘The soil was in a comparatively low state 





* Reports of this Station, 1890, pp. 44-56; 1891, pp. 29-40; 1892, pp. 36-46. 
+ See Reports of this Station, 1888, pages 72 to 89; 1889, pages 103 to 119; 1890, pages 71 to 74. 
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of fertility. The land is not quickly affected by drought, and 
appears to retain fertilizers readily. The natural drainage is 
good. 

A crop of mixed meadow grasses was grown on the field in 
1893 before the Hungarian experiment was started. This was 
cut and harvested June 8th—rith, and the field was plowed a few 
days later preparatory to the experiment. The crop of hay con- 
sisted mostly of fine grasses, except there was in addition some 
clover on plots 64, 13, 14 and 15. The yield was about one ton 
per acre. 

Owing to the severe drought at this period, it was thought 
advisable not to sow the seed at once. Hence the soil was simply 
kept free of weeds by harrowing several times, till July 8th, at 
which time the experiment was started. 


NOTES DURING GROWTH. 


The field was sown with Hungarian grass July 8th, at the rate of one bushel 
per acre. The fertilizer was applied after sowing the seed, and the land was 
then rolled. Light rains July 9th and 12th caused the seed to germinate fairly 
well. July 31st the field was found to be fairly well stocked, and the Hungarian 
was two to three inches high. At this date very little difference could be 
observed in the growth on the different plots. 

August 8th the crop was 7 to Io inches high on all of the fertilized plots, and 
appeared heavier and darker colored on the plots having had the larger quantities 
of nitrogen. The growth on the nothing plots was small, thin and pale-colored, 
and on the mixed mineral plots was slender and pale-colored. The growth on 
plots 8 and 9 was somewhat uneven. 

August 28th the crop was nearly grown and beginning to blossom. The 
growth on the fertilized plots seemed to be about twice as heavy as on the mixed 
mineral plots. ‘The growth seemed heavier and darker green where the most 
nitrogen was used. The heaviest growth appeared to be on the sulphate of 
ammonia plots. The crop on the nothing plots was small, pale and thin, while 
that on the mineral plots was pale in color, but somewhat heavier than on the 
nothing plots. Plot 6d showed a much heavier growth than 6a. 


The crop on the strips between the plots was cut and removed 
August 31st-Sept. 2d. The crop on the plots was cut Sept. 4th. 
At this time it was noticed that the growth on plots 8 and g was 
quite uneven, and that plot 64 showed a heavier crop than 6a. 
The Hungarian was a little past full bloom when cut. 


RESULTS OF THE EXPERIMENTS. 


In the diagram which follows, the comparative yields per acre 
are shown. The field weights for each plot are calculated to a 
uniform water basis of 11 per cent. moisture (89 per cent. dry 
matter). 
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Yield of Hay per Acre. 

















| YIELD PER ACRE. 
S FERTILIZERS. (11 % Water.) | 
A 
Rs) Lbs . 
Py Kind. per Comparative Scale. Lbs. 
Acre 
O. Nothing, cy = wa AT OT 3034 
Mixed Min’s, as 6a, |480 } 


1 Mixed Min’s, as 6a, |480 } 
Nitrate of Soda, - |320 § 
1 Mixed Min’s, as 6a, |480 
Nitrate of Soda, - |48o0 
{ Dis. Bone-black, */320 
64.) Muriate of Potash,*!160 { 


3863 





2624 


Mixed Min’s, as 6a, |480 


l 
Sulp. of Ammonia, |120 § 3038 
( 


Io. 





Mixed Min’s, as 6a, |480 
Sulp. of Ammonia, |240 
Mixed Min’s, as 6a, |480 } 
Sulp. of Ammonia, |360 }§ 


TT: 3857 


T2. 4130 








64,| Mixed Min’s, as 6a, |480 3580 

oo.{| Nothing, ~ -| — - |2321 
Mixed Min’s, as 6a, |480 

T3-|) Ammonite, - - |192 3133 
Mixed Min’s, as 6a, |480 AiR 

14.|) Ammonite, - - |384 324 
Mixed Min’s, as 6a, |480 

T5-|) Ammonite, - - 576 3414 














* Mixed Minerals. 


The yields obtained in previous years on the plots (o and oo) 
‘having no manure and those having minerals alone (6a and 60) 
would seem to indicate that the soil is tolerably uniform. The 
yield of the present year on these plots is very irregular. Ploto 
is on a steeper incline than the others, and it was thought that on 
this account it might have lost more than the others by washing, 
but this season the yield was much larger than that from plot 6a, 
which was supplied with mineral fertilizers. The yield from the 
mixed mineral plots also greatly lacked in uniformity.- This 
may be due to the fact that there was considerable clover in the 
hay crop of one of these plots (64) which was harvested in June, 
and the clover stubble and roots may have increased the available 
nitrogen on this plot over that on the other mixed mineral 
plot, 6a, | 
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There was a gradual increase in yield with the increased quan- 
tities of nitrogen used. The crop in general did not show a very 
marked increase from the use of fertilizers. This was doubtless 
due in part to the severe drought during July and the greater part 
of August. The experiment confirms those made on the field 
with meadow grasses, in demonstrating the importance of nitro- 
genous fertilizers in the growth of grasses. 


TABLE 38. 


Proximate Composition of Water-free Substance of Hungarian. 



































pa \ 
fe) 5 d es q 
7, 2 ar a Vo 2 <a : o 
& FERTILIZERS, Fe, 3 eee ss) ae 
2 A Sy ae ae tS a 
% fo to to m | % 
Oo. -Unmanured, > = - |1249| 8.09 |3.41] 53.00 | 29.32 | 6.18] 1.20 
OO. Unmanured, - - - |1250| 9.82 | 3.22] 50.65 | 29.74 |6.57/ 1.47 
. Average of Unmanured, - | — | 8,96 |8.31/ 51.83 | 29.53 | 6,37) 1.34 
aa Dis. Bone-black, | Mixed) |,,., gabe ae = 

~"*| ? Mur. of Potash, Min’ls, § 5 af Sched ones Oe BM ated peal RE 
Mixed Minerals, as No. 6a, |1252| 9.26 |2.98| 49.73 | 30.14 | 7.89] 1.35 
60. Av. of Mixed Minerals, - | — | 8,87 |2.97| 50.26 | 30.27 | 7.63/1.30 


Nitrate of Soda Group. 


Mixed Minerals, as No. 6a, 
Nit. of Soda (25 lbs. N.), 


§ Mixed Minerals, as No. 6a, 


t |1953 8.07 | 2.73} 51.40 | 30.95 | 6.85) 1.19 
ae ) Nit. of Soda (s0 Ibs. N.), 1254] 10.16 | 3.35] 49.01 | 30.31 | 7.17| 1.50 


( Mixed Minerals, as No. 6a, 
9- | Nit. of Soda (75 Ibs. N.), 


Sulphate of Ammonia Group. 


{ Mixed Minerals, as No. 6a, 
TO. |) Sulph. of Am. (25 lbs. N.), 
Mixed Minerals, as No. 6a, 
Sulph. of Am. (50 lbs. N.), 


t 
| 
Mixed Minerals, as No. 6a, 
12. eas of Am. (75 Ibs. ea) 1258] 10.92 | 3.13] 46.29 | 31.71 | 7.95} 1.64 
j 


1255| 14.21 |3.71| 44.78 | 29.60 | 7.70] 2.12 


P256))) 8.48.) Soothe $0,204) 30,40} 7. 711 1.27 





rh. 1257, 8.66 |2.76) 49.12 | 31.64 | 7.82) 1.30 





Organic Nitrogen Group. 
Mixed Minerals, as No. 6a, 
Ammonite (25 Ibs. N.), 

\ Mixed Minerals, as No. 6a, 
T4- |) Ammonite (50 lbs. N.), 
_{ Mixed Minerals, as No. 6a, 
TS: |") Ammonite (75 lbs. N.), 


13. I250| 10.65/| 3.26) 46.77 | 31.6F | 7.71) 1.58 


1260; I1.90 | 3.40] 45.93 | 31.14 | 7.63] 1.78 





1261] 13.04 |3.41| 45.88 | 29.80 | 7.87) 1.96 














COMPOSITION OF THE CROP. 
Samples of from 15 to 19 pounds were taken from each plot just 
before the hay was carted. These were cut into one-half inch 
lengths and sub-samples (of 3 to 5 lbs.) were taken for analysis. 
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From table 38 it will be seen that the nitrogen supplied in 
the fertilizers had considerable influence on the percentage of 
protein. The average percentage of protein in the water-free 
substance of the crop on the mineral plots was 8.87 per cent., on 
the plots with 25 lbs. of nitrogen 10.24 per cent., and with 75 lbs. 
of nitrogen, 12.72 per cent. This illustrates the double value of 
nitrogen on the grasses. The yield is generally increased with 
the larger quantities of nitrogen used, and the protein, and hence 
the feeding value of the crop is considerably increased. 


TABLE 39. 


Proximate Ingredients per Acre in Hungarian. 

















° a 3 : g 5 
s = = Oc 

ota ne » oh © 5 
A FERTILIZERS. aS o 2) 8 eee) sae 
2 alos | £1] “23a 
4 § = A 

Lbs. |Lbs.|Lbs.| Lbs. | Lbs. |Lbs. 
O. Unmanured, - - - | 1249 | 2731 | 221| 93] 1447 | 801 | 169 
00. Unmantred, - - 1250 | 2089 | 205] 67] 1059 | 621 | 137 


Av. of Unmanured, - 


: -| — |9416| 213} 80| 1253 | 711] 153 
ha: ieee nee Mixed 


1251 | 2362 | 200| 70, 1200 | 718} 174 
1252 | 3132] 290) 93] 1558 | 944 | 247 


Mur. of Potash, } Minerals, 
Mixed Minerals, as No. 6a, 








©?.| “Av. of Mixed Minerals, - | — | 2747|945| 82] 1879 | 881 | 210 
Nitrate of Soda Group. 

7. |4 Ninate of Soda (as Ibs nN’), ¢| 2253] 3379 | 273] 92 | 2737 | 1046 | 231 

8. APRS RS 2 8? mat 1254 | 3468 | 352| 116| 1700 | 1051 | 249 

9. |] Nicate of Sote (oe ibe ws, | | 1255 | 3477 | 494| 129| 1557 | r029 | 268 
Sulphate of Ammonia era. 

10. || Sup: of Ant toc ibe Ny” {| 1256| 3274 | 277| 105 | 1644 | 996 | 252 

its aes peeipesie 8s 1257 | 3471 |. 300) 96/1706. /1095 7.992 

ge | Sulph. or A Oe TN 1258 | 3717 | 406 | 117| 1720 | 1179 | 295 
Organic Nitrogen Group. 

ak Rave ATID TRS a a sf 1259 | 2820] 301| 92) 1319 | 891 | 217 

ie: aerate ee ‘ sa 1260 | 2923 | 348| 99| 1343 | 910/223 

ot ream comiarataners i i 1261 | 3073 | 401 | 105 | 140g | 916 | 242 
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SPECIAL NITROGEN EXPERIMENT ON HUNGARIAN. 
Weight and Cost of Fertilizers per Acre, Total Crop and Increase 
of Crop over that of the Nothing Plots. 

















Plot No. 


o 


6a. 


IO. 


II. 


12. 


oo. 


64. 


13. 
TA. 


1s, 











FERTILIZERS. 


Nothing,  - : - - s 
Mixed Minerals, as SONG: 6a, - : - 
Nitrate of Soda ‘(25 lbs. Nitrogen), - 
1 Mixed Minerals, as No. 6a, - : - 
Nitrate of Soda (50 Ibs. Nitrogen), - 
( Mixed Minerals, as No. 6a, - = - 
( Nitrate of Soda (75 lbs. Nitrogen), : 
1 Dissolved Bone-black, WMikeds Minerals 
Muriate of Potash, : 
Mixed Minerals, as No. 6a, - = 
Sulphate of Ammonia (25 Ibs. Niqcseay 
Mixed Minerals, as No. 6a, - - 
Sulphate of Ammonia (50 Ibs. Nicceen): 
Mixed Minerals, as No. 6a,’ - - 
Sulphate of Ammonia (75 Ibs. Nitrogen), 
Nothing, - - - 
Mixed Minerals, as $ No. 6a, - <== 
Mixed Minerals, as No. 6a, - _ = 
1 Ammonite (25 Ibs. Nitrogen), - a 
Mixed Minerals, as No. 6a, - - - 
Ammonite (50 Ibs. Nitrogen), f r 
§ Mixed Minerals, as No. 6a, - : 2 
/ Ammonite (75 lbs. Nitrogen), - . 





Weight 
of Fertilizers. 








Cost 
of Fertilizers. 





12.00 
15.96 
19.92 

8.00 
12.44 
16.88 
B13g2 

8.00 
12.02 
16.06 


20.10 








Total Crop 
(11 % Water). 











Over 


Gain or Loss (-) 
Nothing Plots. 





tm 
‘OE 
n 


1076 


1175 
1185 


g60 
1179 
1452 
go2 
455 
570 
736 
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SOIL TEST WITH FERTILIZERS ON CORN, 
TABLE 41.—By M. H. DEAN, Lime Rock. 































































































FERTILIZERS PER ACRE. Bias Og YIELD PER ACRE. 
S el ~ 3 
Ls 
s a vars : ea Wee . gm 
. & aye CO Len oe . 
= Kind ie) a > > | 2s 
; ee 2 ae} Ss ie Oo ue Ge ES 
Bol S808 a8 tel ee 
| oy Oo | a oe 
Lbs. ¢ |Lbs.|Lbs.|Lbs.| Bu. | Bu. |Lbs.| Bu 
O Nothing, = -| — — 58 |-.32 | 223) 7.0) 3.312240 
A. Nitrate of Soda, - | 160 3.96] 99| 41 | 258| 12.0) 4.2 |2580| 1.0 
sy Dis. Bone-black, - | 320 4 40] 40] 40 | 226| 4.8} 4.1 |2260} -6.3 
(3 Muriate of Potash, - | 160 3 48| 193/51 | 431 | 23-3| 5.2 |4310} 13. 
Nitrate of Soda, -- | 160 j 
D. ie Boas olack at oe 8 48|116| 77 | 334/| 14.0] 8.0 |3340| 6.8 
00. Nothing, - - — — 93| 79 | 255| 11.2} 8.1 |2550) — 
Nitrate of Soda, - | 160 
Muriate of Potash, - eat 7 52/225 | 53 | 383) 27-1) 5.5438 s0 nee 
Dis. Bone-black, - | 320 
| Meanciate of Potash, - ae 8 00/259} 55 | 525 | 31.2) 5.7 |5250) 21.7 
Nitrate of Soda, - | 160 
Gs Dis. Bone-black, - | 320}|12 00| 283] 46 | 540 | 34.8] 4.7 |5400} 24.3 
Muriate of Potash, - | 160 
Nitrate of Soda, «- | 160 
Ga. Dis. Bone-black, - | 640}| 16 72] 328! 33 | 580] 39.5] 3.3 |5800| 27.6 
Muriate of Potash, - | 160 
SOIL TEST: WITH FERTILIZERS ON COWRPEAS, 
TABLE 42.—By THE STATION. 
PER ACRE. | Fretp WeicuTs.| = 2 | q  . 
a ak 
fe) : AT CUTTING. oe | LY 
Z Op ee ee ee Se ee 
2 FERTILIZERS. Pe ese 8.0. ae 
<< a om = Yield Vield | S22 /Suk& 
aw es omen Plot bye 8, en 
MB) 8 tS) Bs per O per sah iS G) poe 
= tx, f, |1-12Acre| Acre. | AO 
Lbs, $ bL.bs; Lbs. Lbs: af Lbs 
De Nothing, - - — a 755 9,060 | 1739 | 10,230 
A. Nitrate of Soda,, ~ -- 160 3.96 878 10,536 | 1863 | 10,960 
B. Dis, Bone-black, — - 320 4.40 824 9,888 |, 18253 1o sre 
OF Muriate of Potash, - 160 3.48 | 1035 12,420 | 1986 | 11,680 
00. Nothing, - - — — 785, 9,420 | 1053 4 O;720 
Nitrate of Soda, -| 160 | 
D DissiBone black ae. 320 8.48 | 1051 12,612 | 2196 | 12,920 
Nitrate of Soda, - 160 





7, SQ ae L2ao 14,736. | 2267 | 13,340 


1 
el 
OV 
Oo 


Muriate of Potash, 


F. 1 Dis. Bone-black, - 320 8.00} 1372 15,744 2684 15,790 


1 
= 
Ov 
@) 


Muriate of Potash, 
Nitrate of Soda, 
Dis. Bone-black, 
Muriate of Potash, 


Nothing, - - — —— QI4 10,968 | 2057 | 12,100 
Stable Manure, - | 12000 


Dis. Bone-black, - | 160{| 19:89} 1303 | 15,036] 2085.) 15,700 
Ys Stable Manure, - |16000 | I9.20| 1474 16,688 | 2699 | 15,888 


1 
1S) 
to 
ie} 


12.00} 1486 17,832. | 2755 |) 16,270 


1 
= 
Ov 
() 





oo. 


Ps 


1 
OV 
ie) 














a in 


~~ 
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SOIL TEST WITH FERTILIZERS: ON CORN. 


ABLE AT! 


By ELBERT MANCHESTER, BrisTot. 
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FERTILIZERS PER ACRE. 














YIELD PER 
PLOT. 
(1-10 ACRE.) 


YIELD PER ACRE. 























































































































S 2 
Zi Shelled os: 
~ ; Ears. ar a slo a © 
Re) = es 4 |(11 % Water te Ot ty 
A Kind. & | 2 pAocmt tc |) eho 
; o O ti : it i : ie) 50.8 
S Sie on fatten te U2) ns 
fe) fe) ie} fo) Cee) 
epi es ae Caney 
Lbs.| § |Lbs./Lbs./Lbs.| Bu. | Bu. | Lbs. | Bu. 
Oo. Nothing, - -| — — | 203| 53 | 521 |22.1| 4.2 |521I0| — 
A. Nitrate of Soda, - |160 3.96] 258] 45 | 518] 28.0) 3.6} 5180] 0.4 
B. Dis. Bone-black, - |320 4.40) 159) 45 | 522/17.4) 3.6 | 5220 |—-10.2 
Gi Muriate of Potash, - |160 3.48] 220) 45 | 567 | 23.9) 3.6 | 5670] —3.7 
Nitrate of Soda, - |160? 
1); 1 ae chick a Pe 8.48 338 | 43 | 586 | 36.7) 3.4 | 5860 8.9 
Nitrate of Soda, - |160 
ae Muriate of Potash, - rate 7-52) 371 | 34 0304) 4015 ).2- 70390 )) LLB 
Dis. Bone-black, - |320 
F. ee oro acck: j rote 8.00 346 33 | 586|37.6, 2.6| 5860] 9.0 
Nitrate of Soda, - |160 
G. Dis. Bone-black, - |320 } | 12.00] 344 | 32 | 705 |37.4| 2.6| 7050] 8.8 
a Muriate of Potash, - |160 
oo. Nothing, - -| — — | 304) 37 | 564 | 33.0 3.0 | 5640 | — 
TABLE 44. 
SOIL TEST WITH FERTILIZERS.ON CORN, 
SPERRY BROTHERS, Botton. 
YIELD PER : : 
FERTILIZERS PER ACRE, BLOT YIELD PER ACRE. 
(1-10 ACRE.) 
S) Shelled abe 
Zz ; Ears. aay Corn ' es x) 
Rs) ir: ee (x1 ater ae 3 Ay 
a Kind. iB ee Be (Dio shea EOE aie 
Sz iS HS op) re = NH qd a 
vi S18 5 | & eS 
oO Ay ae, 4 "4 
Lbs.| $ |Lbs.|Lbs./Lbs.| Bu. | Bu. | Lbs. | Bu 
Oo. Nothing, - -|— — | 217] 22 | 203 | 24.4| 2.3 | 2030 |  — 
A Nitrate of Soda, - |160 3.96] 194 21 | 204| 21.8] 2.2 | 2040} -5.4 
B. Dis. Bone-black, - |320 4.40| 208 | 21 | 196| 23.4) 2.2 | 1960 | -3.8 
Ci Muriate of Potash, - |160 3.48) 188] 15 | 222] 21.0) 1.5 | 2220] -6.9 
i - 1160 
p, |} Nirate of Soda, ~ 180] s.at|218| 24 a39]24s| 2.5 /asg0| -2.4 
i : - |16 
E. a ee ; ret 7.52|229| 20 | 246|25.7| 2.1 | 2460| -1.6 
F. BR aap petact : est 8.00] 225 | 24 | 281 | 25.2| 2.5 | 2810 | -1.7 
Nitrate of Soda, - |160 } 
CG, Dis. Bone-black, - |320 -|12.00}] 281 | 20 | 306 | 31.6] 2.1 | 3060] 4.3 
Muriate of Potash, - |160 f 
H. Plaster, - 4 - |400 1 7O).200 je 21 244-740, 2! 3.2 2410 |5 3.6 
ae hy |) a eo 2h 29-01'9.0 2620) | ee 








STORRS AGRICULTURAL EXPERIMENT STATION. 


TABLE 45. 


SOIL TEST WITH FERTILIZERS ON CORN. 
By WM. E. ALVORD, Botton. 














FERTILIZERS PER ACRE, 











YIELD PER PLOT 


(1-10 Acre.) 





























YIELD PER ACRE, 









































fe) Shelled a 
A : Ears. Corn. uO 
= $2 ; i 11% Water| + > Be 
ay Kind. 3) ee eee Rae & | sa 
= 0 18) BV an 1S) Sis 
fe) ° fe) (e) ° 
OO} a Oo} a ZA 
Lbs. $  |Lbs.|Lbs./Lbs.| Bu. | Bu. |Lbs.| Bu 
O. Nothing, - -| — — | 239| 26 | 263 | 27.5] 2.7 |2630) — 
A. Nitrate of Soda, §- | 160 3.96 | 291 | Ig | 290 | 33.4] I.9 |2900] 3.0 
B. Dis. Bone-black, - | 320 4.40 | 274| 17 | 273 | 31.5} I.7 |2730| 0.9 
i Muriate of Potash, - | 160 3.48 | 282| 21 | 289 | 32.5] 2.1 |2890| 2.3 
Nitrate of Soda, - | 160 
D: Be Boneless ae 8.48 | 309 | 22 | 290 | 35.5] 2.2 |2900} 5.4 
Nitrate of Soda, - | 160 
: 1 Muriate of Potash, - | 160 7-52 | 297 | 27 | 305) 34-1) 2:8 S052 aay 
Dis. Bone-black, - | 320 
‘ale rate ot Potash edi 165 8.00 | 313 | 25 | 331 | 36.0] 2.6 13310] 6.3 
Nitrate of Soda, - | 160 
Dis. Bone-black, - | 320} | 12.00 | 332| 27 | 344 | 38.3] 2.8 |3440} 7.8 
Muriate of Potash, - | 160 
H. Plaster, - - | 400 1.70 | 306 26 | 298 | 35.3] 2.7 |2980| 5.7 
oO Nothing, - - — — | 264) 40 | 276 | 30.3] 4.1 |2760| — 
TABLE 46. 
SOLL TEST WITH PRERTILCIZERS ONSC@OTN. 
By C. H. LATHROP, Nortu FRANKLIN. 
FERTILIZERS PER ACRE, aero YIELD PER ACRE. 
iS Shelled Le 
sag Ears. Corn nO 
S a= ri « | 11% Water] | Ou 
x oo % . | ee 
Kind. D 9 : j } : , o | 65 
= Oo "B| 8 ep 1S ee aoe 
Ss 8 | 8 5 | 8 ‘8 
has ees oT lay os 
Lbs. $ {Lbs.|Lbs.|Lbs:| Bu. | Bu, }Lbsaba 
O. Nothing, - -| — — | 241 | 26 | 220] 27.4) 229 }2200)—— 
ft: Nitrate of Soda, -- | 160 3.96 | 164| 44 | 180] 18.6] 4.5 |1800] 1.4 
B. Dis. Bone-black, - | 320 4.40 | 199] 31 | 1974 2216)3 a to7o ee 
LA Muriate of Potash, - | 160 3.48 | 154| 37 | 170|17.5| 3.8 |1700/-0.4 
Nitrate of Soda, - | 160 
12, Dis Pont bicker hae 8.48 | 141 | 35 175 16.0] 3.6 |£750|—2.1 
E. pele SU SOR Zn L004 7.52 | 116) 43 | 161 | 13.2] 4.4 |1610|—4.1 
( Muriate of Potash, - | 160 § 
F Dis. Bone-black, - | 320} 3 
: Muriate of Potash, - | 160 -00 | 172'| 32 | 202 | 19.51°3.3 Igo@o) aes 
( Nitrate of Soda, - | 160) 
G. Dis. Bone-black, - | 320}|12.00| 147} 31 | 182|16.7| 3.2 |1820] 1.8 
Muriate of Potash, - | 160 
00. Nothing, z -| — — 77| 42 |133| 8.81 4.3 |1330) — 








FIELD EXPERIMENTS WITH FERTILIZERS. 


SOIL TEST WITH FERTILIZERS ON CORN. 


TABLE 47. 


By C. A. SHARPE, AsincrTon. 


£9 








Plot No. 


5 8 Ree Se on 


je) 
Oo 


: 
| 


FERTILIZERS PER ACRE, 


Kind. 


Nothing, 


Nitrate of Soda, 
Dis. Bone-black, 
Muriate of Potash, 
Nitrate of Soda, 
Dis. Bone-black, 
{ Nitrate of “Soda, 
) Muriate of Potash, 
Dis. Bone-black, 
Muriate of Potash, 
Nitrate of Soda, 
Dis. Bone-black, 
Muriate of Potash, 


Plaster, - 
Nothing, 








YIELD PER 


PLOT: 


(1-10 ACRE.) 





£ Ears. 
he ot we 
OD S ; 
SUP iean ts 
O | a 
Lbs. io. pores. ips 
se AS (Bs 
160 3.96| 140; 28 
320 4.40] 27] 10 
160 3.48} 27] 18 
160 
420 8.48} 163 | 18 
160 } 
160 § 7 SOU 1TOS. ze 
|320 
ae ! 8. oF BS jALES 
160 
320 }|12.00| 132] 22 
ee 
a 19 
17 





Stover. 


AL bs; 


156 


194 
160 
217 


227 
269 


212 


269 


153 
148 











YIELD PER ACRE. 


Shelled 


Corn. 


(11% Water) 


7} 2.0 
TOT.o 














Stover. 





Lbs: 
1560 
1940 
1600 
2170 


2270 
2690 


2120 


2690 


1530 
1480 











ND 


Gain or Loss (-) 
Over ax 
Nothing Plots. 


| 


ee) 
=] 


| A 
Bf 
wp 


-0.5 


16.1 
risk 


— he. O 


[207 


2.0) 
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COMPOSITION OF NEW ENGLAND FEEDING STUFFS. 
| BY CHAS. D, WOODS. 


re os 


The Reports of the Connecticut Experiment Station for 
1888, and previously, have given compilations of the analyses of 
American feeding stuffs, by Dr. E. H. Jenkins. Experiment Sta- 
tion Bulletin No. 11 of the Office of Experiment Stations of the U. 
S. Department of Agriculture, contains a detailed compilation 
by Messrs. Jenkins and Winton of nearly all American analyses 
which were published before Sept. 1st, 1890. It includes ‘all 
the analyses of American feeding stuffs which were accessible to 
the compilers at the time the work was done, with the exception 
of those which were so incomplete or so obviously erroneous as 
to leave no doubt about the propriety of excluding them.” 

The coarse fodders used in New England are, for the most 
part, grown in New England. For the past few years this Sta- 
tion has collated for its own use the analyses of New England 
grown fodders. As we have found these averages to differ con- 
siderably from the averages of all American analyses, it has 
seemed wise to print our compilation.* A few words of expla- 
nation of terms, are given with the hope of making the table of 
analyses more easily understood. 

Feeding stuffs are ordinarily divided into two classes: Coarse 
fodders, hay, stover, ensilage, etc., and concentrated feeds, as the 


* The following averages of analyses of Hungarian hay illustrate the differences in compo- 
sition referred to: 





























l 
ee | 
HUNGARIAN Hay. Water. | Protein. Fat. a ae | Fiber. | Ash, 
iy | 
ere aps | 
Average of compilations by penne t % ts rg | fe % 
and Winton, - - ~ 7.7 7.5 2.0 °\* | ote one ante 6.0 
ca of New England analyses, - 24.2 7.2 2.3 36.9. - 1) 23.9 57 








These differences in composition were largely due to water content, but that they were not 
entirely due to the different percentages of water is shown by the composition calculated to 
water-free substance as follows: 


























HunGaRIAN Hay, | Protein. Fat. | eee Fiber. | Ash. 

Average of Eon patie by Ue st and % % % & 
Winton, - - - | 8.1 Oo tere ae 30.0 6.5 
ETEIHEE | of New ‘England aialraas. - - 9.6 Ura wi vee tongs: OTE 75 











COMPOSITION OF NEW ENGLAND FEEDING STUFFS. I4I 


grains, gluten and oil meals, wheat bran, etc. This distinction, 


which depends upon the mechanical condition of the feeding 
stuffs, while convenient, is arbitrary. It is generally believed 
that the coarse materials, such as hay, straw, etc., are essential 
for such animals as chew the cud and for horses. It is certainly 
of great importance that the coarse fodders of the farm should 
be profitably utilized, and it may be that the supposed necessity 
of this class of foods for ruminants is based more upon economi- 
cal than upon physiological grounds. However this may be, the 
reason why any or all of the materials commonly used for food 
are so used, lies in the fact that, whatever their source or 
mechanical condition, they contain those classes of compounds 
which are essential for animal life, and consequently the produc- 


tion of milk, butter, beef, or work. 


COMPOSITION OF FEEDING STUFFS. 


The materials which we feed, so far from being simple in their 
structure, are composed of many different compounds, which, in 
the current methods of analysis, are more or less roughly grouped 
as water, protein, fats, carbohydrates and mineral matters or ash. 

The water of a feeding stuff is of no more value for feeding 
purposes than other water, and hence should not be included 
among the nutrients or nutritive matter of food. It is quite a 
common belief among farmers that certain succulent foods such 
as potatoes, roots and green fodders are more valuable for being 
watery. A good many exact feeding experiments upon this sub- 
ject have failed to show that these foods are more digestible and 
otherwise more valuable for making meat or milk, or for any 
other purpose of feeding, because of their large water content. 
Indeed, the presence of water in a food, instead of increasing, 
reduces the feeding value, since it decreases the amount of 
nutritive materials (nutrients). A feeding stuff which contains 
fifty per cent. of water will have only a little more than half the 
quantity of nutrients that the same material would furnish if the 
amount of water was reduced to ten percent. In other words, 
the less water a feeding stuff contains, other things being equal, 
the higher will be its feeding value. 

The nutrients proper, then, consist-of the compounds grouped 
under protein, fat, carbohydrates, and mineral matters. 

The protein consists in part of the albuminoids or albumen 
like substance, a familiar example of which is the gluten of 
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wheat. Besides the albuminoids proper, there are other nitro- 
genous compounds present in vegetable substances, such as the 
amides, which are less valuable for feeding purposes get are the 
true albuminoids. 

The fat, or, more properly speaking, the ‘ether extract,” 
includes a large class of compounds dissolved by ether in the 
analyses made in the laboratory. In addition to the fats or oils 
proper, the ether extract may contain wax,-resins, chlorophyl 
(the green coloring matter of plants), besides several other less 
familiar compounds. 

The carbohydrates include both the fiber and the “‘nitrogen- 
free extract.” Fiber is the woody part of a plant, consisting prin- 
cipally of cellulose and lignin. Cellulose is the digestible part 
of the fiber and is much like starch in its chemical composition | 
and probable feeding value. 

' The nitrogen-free extract is not directly determined in ordi- 
nary analyses, but is found by difference; that is, by subtracting 
the sum of the percentages of the other ingredients from one 
hundred per cent. It consists of starch, sugar, gums, and many 
other substances not so well known. 

All the parts of plants contain more or less mineral matter or 
ash, and generally in more than sufficient amount for feeding 
purposes, and for this reason it is not usually taken into account 
in calculating rations. It is, however, of the utmost importance 
in the proper nutrition of an animal that the ash constituents be 
furnished in sufficient quantity. 


USES OF THE FOOD. 

The food supplies the needs of the body in several ways. It 
is used to form new tissues and fluids and to repair the wastes of 
the old; it is stored in the body in the form of fat; and it is con- 
sumed as fuel, its potential energy being erinerepnen into heat 
or muscular energy, or other forms of energy required by the 
body. 

It is only recently that we have learned to know in what way 
the various classes of nutrients of which the food materials are 
composed, are used in the body. While there is much that 
remains to be done before we shall have an exact knowledge of 
this subject, the following statements can be made with consider- 
able certainty: 

The protein forms tissues, as muscles, tendon, etc., and fat, and 
serves as fuel. 
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- The fat forms fatty tissue, not muscle or tendon, and serves as 
fuel. 

The carbohydrates serve as fuel and may be transformed into 
fat. The amount of carbohydrates which exist as such in the 
body is very minute, and it might seem as though they would be 
of very little feeding importance, but they are one of the prin- 
ciple sources of animal heat and of muscular power, and may be 
transformed into fat, and thus stored in the body for future use. 

In supplying the body with fuel the protein, fat and carbohy- 
drates replace each other in nearly exact proportions to their 
potential energy or fuel value, which is measured by the heat 
produced when they are burned.* 

From experiment it has been found that each .or pound of 
protein or carbohydrates yields, when burned, about 18.6 calories 
of potential energy, and that each .o1 pound of fat yields 42.2 
calories. In the compilation of analyses of feeding stuffs which 
follows, the fuel values of the different foods have been obtained 
by the use of these factors. 

The table itself requires little explanation. ‘ Maximum” and 
“Minimum” represent in each case the largest and the smallest 
percentage of each ingredient found in any specimen of the 
material named. Hence, they do not show the composition of 
any one specimen, but rather the extreme percentages of each 
ingredient determined in the different specimens analyzed. Of 
course, they do not foot up to 100 per cent., but those for mini- 
mum fall below, and those for the maximum rise above Ioo. 
These figures are given in order to indicate, so far as the data 
will allow, the variations in composition that may be expected in 
feeding stuffs. 

The fuel values of one pound of each of the foods were calcu- 
lated by the use of factors, as explained above. 

*The number of analyses of New England grown milling pro- 
ducts is doubtless greater than given in the table herewith, but 
from the analyses as reported, it is in most cases impossible to 
distinguish between western grown and New England grown 
milling products. There is appended to the.table the average 
composition of the more commonly fed American milling and 
waste products as compiled by Dr. Jenkins and Mr. Winton. t 





* See Report of this Station for 1890, p. 177. 


+ Experiment Station Bulletin, No. 11, Office of Experiment Stations, U. S. Department of 
Agriculture. 
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156 STORRS AGRICULTURAL EXPERIMENT STATION. 


THE DIGESTIBILITY OF FEEDING:s7 UEES: 


BY CHAS. D;-WOODs; 


It is a matter of every-day experience that only a part of the 
food eaten is actually used by the animal. It is, therefore, of 
importance in cattle feeding to have a knowledge, not only of the 
chemical composition of a given food, but of the amounts of the 
nutrients, which are capable of being assimilated. It is not so 
much what an animal eats, as that which it digests, that is actually 
turned to account. 

The word digestibility as commonly used has more than one 
meaning. People often speak of one food as being more digest- 
ible than another, when they mean it is more quickly or easily 
digested. As here used, the term digestibility means the pro- 
portion of any given food or food constituent which is digested 
under usual conditions, without regard to the time needed or the 
ease of digestion. 


DIGESTION EXPERIMENTS—HOW CONDUCTED. 


A digestion experiment is managed as follows: Selected ani- 
mals are fed with the kind of food to be tested, the chemical 
composition of which has been ascertained by careful analysis. 
A weighed portion is fed, care being taken to see that none is 
wasted, and that all the uneaten residues are weighed and 
analyzed. In this way the exact weights of protein, fat, fiber, 
nitrogen-free extract and ash eaten are ascertained. The solid — 
excrement of the animal contains the undigested residues. This 
is carefully collected, dried, weighed, and analyzed, and the © 
amounts of undigested protein, fat, fiber, nitrogen-free extract 
and ash contained in it are found. The difference between the 
amounts found in the undigested residues and the amounts con- 
tained in the food eaten is taken as a measure of the amounts 
of the various nutrients which have been digested and assimi- 
lated by the animals. 

While this experiment seems comparatively simple, it is sur- 
rounded by difficulties which render the work laborious and tend 
to make the results somewhat uncertain. 
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Many analyses have been made of nearly all of the materials 
commonly used for food for cattle, and in consequence we have 
a fairly good knowledge of their composition. A good many 
experiments upon the digestibility of the different food materials 
have been made, but these are necessarily much less in number, 
and also less accurate in their carrying out than are mere analyses. 
Considering the short time that the experiment stations have 
been established in this country, quite a large number of digestion 
experiments upon American feeding stuffs have been made, but 
by far the larger number of experiments have been made in 
Europe, and especially in Germany. Just as it has been of great 
practical importance to make large numbers of analyses of Ameri- 
can foods in order that we may know the composition of American 
feeding stuffs, so it is important to have a large number of accu- 
rately conducted digestion experiments upon American feeding 
materials. The results already obtained are in many instances 
more valuable for our conditions than are the results of the much 
larger number of German experiments. 

~The tables (Nos. 49 and 50) which follow give a summary of 
the results of digestion experiments up to the years 1891-2. 
Table 49 is a translation of the summation table prepared by 
Profs. Dietrich and Konig,* and it contains the results of all 
published European digestion experiments obtainable by these 
very careful and painstaking compilers. A few American studies 
are also included. 

Table 50 contains a tentative summary of the results of Ameri- 
can digestion experiments prepared by Professor W. H. Jordan, 
Director of the Maine Experiment Station, for the Office of Ex- 
periment Stations of the U.S. Department of Agriculture. It is 
here printed by the courteous consent of the Office of Experiment 
Stations. 

The tables require little explanation. In table 49 there are 
given the minima and maxima figures as well as the averages 
obtained in the experiments. ‘The first column in each table 
gives the number of animals experimented with, and the second 
column the total number of tests of digestibility of the given 
feeding stuff made with these animals. In the original of table 
49 the results are given to the second decimal place, but they 
are here given to the nearest whole per cent. in each case. 





* Zusammensetzung und Verdaulichkett der Futtermittel. 
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TABLE 49. 


Maximum, Minimum and Average Coefficients of Digestibility of 
European Feeding Stuffs.* Sor 

































































6 8| ai] 8 E 
a ‘Cie ees o 
x P= Elalal gs 
KIND OF FEEDING STUFF. be > | sede 
e GS te ee ae 
5) Ga} | og | A = 
eT O10] & oa 
m4 3|416 a 
Z AZ 
EXPERIMENTS WITH RUMINANTS. %41\%'1%1%1\% 
, Owe, fodders, Enstlage and Hay. rae 2| al 75| 71163175 | 70 
I | Pasture grass (cut before May 15), - Max., | 2} 41 79| 79 | 68 | 84] 75 
} | { Avg., | 2} 4177] 75 | 66 | 79 | 73 
2 | Meadow grass in June, - - : Avg., | 1} 2} 71] 70 | 62 | 75 | 66 
3 | Mixed fodder (clover and grass), green, Avg., | 1} 2}75| 78/164) 78 | 67 
4 | Mixed fodder (clover and grass), wee Avg., | 1} 2) 68} 61 | 63 | 71 | 49 
5 | Fodder rye, young, i ae - Avg., | 1| 2}—|79| 74) 71} 80 
6 | Green sorghum, — - = * oe  GAWe.S | ot 99) Gato Beane 
7 | Green maize, cut early, - z - Avg.,-| 11 1170178 | 75 | 67) 72 
Min 3, 3| 61 | 45 | 82 | 66) 47 
8 | Maize ensilage, - - - - Max., | 3] 3} 63| 54 | 86 | 72 | 64 
Avg., | 3] 3) 62 | 48 | 85 | 68 | 56 
Min., | 3} 3} 62] 44 | 52 | 64 | 56 
g | Maize fodder, cured, 2 - s Max., | 3) 3} 68 | 52/| 79 | 68 | 71 
Avg., | 3} 3/63 | 48 | 67 | 66 | 64 
to | Red beet topsensilage, - - - Avg., | 1| 2/57/65] 60/54) 54 
11 | Potato tops (beginning of October), Avg., | 1} 2/48 | 42 | 24] 60) 36 
12 | Poplar leaves (beginning of October), Avg., | 1} 2/58| 56/79/65) 35 
13 | Butter cups (Ranunculus acris), - Avg., | 1| 1157] 8/69} 67) 41 
14 | Daisy, white weed (Lucanthemum 
vulgare), - -Avg., | 1| 1/68 | 58 | 62 | 67 | 46 
15 | Comfrey ( Symphytum asperrimum ) 
hay, - . Avg., | 1} 2}69/| 58/71 | 85|18 
: Min., | 4] 5|50/ 45 | 35 |58| 39 
16 | Timothy hay in bloom, - z ~ Max., | 4| 5| 67 | 60] 56] 72 | 62 
Avg., | 4} 5| 57 | 49 | 49 | 68 | 50 
17 | Orchard grass hay, after bloom eae Avg., | 1} 156/59] 51) 54/561 
18 | Red-top in bloom, - - - “- Avg., 41] 1} 691 60 | 44) So7 Gu 
19.) Blue joint, énd’of July, -9  % =) ¥- Avg., | 1| 1| 42 | 56| 87 | 43 | 37 
20 | Barnyard grass, in milk, hay, - Avg., | 1} 1/68} 62 | 60 | 66/63 
21 | Wild oat grass ( Danthonia spicata) | 
. in bloom, hay, - - - Avg., | 1} 1161 | 49 | 38 | 62) 65 
22 | /mperata ar endind cen, hay, - 2 Avg., | 1| 2} 49) 52 | 88 | 42 | 56 
23 | Couch grass ( 7riticum ripens) in bloom,Avg., | 1} 1| 61 | 64| 60 | 62 | 59 
24 | Hay from uncultivated landsin Japan, Avg., | 1| 2} 58) 411/48) 44/65 
25 | Hay from uncultivated lands in Japan, 
with more legumes, - : A Avg., | 1} 2} 49 | 94] 41) 41) 63 
Min., |18)48] 61 | 60} 45 | 58 | 53 
26 | Hay from mixed grasses, best quality, Max., |18|48] 79 | 73 | 68 | 76 | 80 
: Avg., |18/48| 671-65 | 57 | 68) 63 





* Taken from Zusammensetzung und Verdaulichkett der Futtermittel by Dr. Th. 
Dietrich and Dr. J. Kénig, Berlin, 1891. 
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Reference No. 


27 


25 


29 
30 


31 


. 33 
34 


Be 


36 
37 


38 


39 
4o 
4I 


42 


43 
44 
45 
46 
47 





KIND OF FEEDING STUFF. 


EXPERIMENTS WITH RUMINANTS. 
Green Fodder, Ensilage and Hay.—( Cont'd.) 


Hay from mixed grasses, medium 
quality, - . - : 2 


Hay from mixed grasses, poor qual- 
ity; 3 “ . ‘ - 


Rowen hay, - “ 2 a Z 


Red clover, green, before bloom, 
Red clover, green, beginning to 
bloom, = BO) Send s 


Red clover, green, full bloom and 
past, - - - - - - 


Red clover hay, best quality, - 
Red clover, hay, medium quality, - 
Alfalfa, in bloom, green, . - : 


Alfalfa, carefully dried, - ~ - $ 


Alfalfa hay, early bloom, best qual- 
ity, - - - . - - 


Alfalfa hay, full bloom, medium 
quality, - : - - - 


Alfalfa, carefully dried,* - - 
Alfalfa hay,* - : - . : 
Alfalfa hay, overdried ( Brennheu ),* 


Alsike clover, in full bloom, - 


White clover hay, - - - - 
Sanfoin, early bloom, green, - - 
Sanfoin hay, carefully dried, - - 
Sanfoin hay, overdried ( Brennheu), 
Sanfoin ensilage, - - - - 





; 


ee? 


Min., 


| No. of Experiments. | 


e) 
35 


10 
IO 


al 
{e) 








on A on I oo 
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No. of Trials. 
Organic Matter. 








DDD AAO 
On 
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Protein. 








Fat. 





| Nit.-free Substance. | 


SQ 








Fiber. 














* Nos. 39, 40 and 41 are results of experiments upon different portions cf the same alfalfa 
differently cured. 
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an wu 
= 4 ) 
S S| ui] 5 F 
A Ela) Ss]. a 
y gigiSilslalsls 
S KIND OF FEEDING STUFF. er lol S| a | 212 
v BS |e | See 
ie slo] &|™ = 
g S|,5| bo 2 
a 3 ei 
Z A 
ae ee ee 
EXPERIMENTS WITH RUMINANTS. %|%\|% || % 
Green Fodder Ensilage and Hay.—( Cont'd.) 
48 | Serradella, in bloom, hay, 5 - Avg., |r| 2}62| 75/65) 63) 50 
49 | Serradella, in seed, hay, - - - Avg., |1| 2/47] 638} 66| 48) 37 
50 | Vetch, before bloom, hay Ci ore Avg., | 1} 6/65/76) 60) 66) 54 
51.) Lupin, hay, - 0 - -) + +e) Aves PT) 27279 OOnee ae 
Min., |2/ 4/58] 63/14} 59) 46 
52 | Soy bean, hay, - - - - Max., [2 4; 63; 76| 48) 71/58 
Avg., | 2| 4/61| 69/80} 66) 58 
Straw, etc. 
Min., | 2] 3} 45|18/27| 36) 52 
53 | Wheat straw, - = - - : Max., |2| 3} 48] 26/58] 4o] 59 
Avg., |2| 3/46/28] 36| 39} 56 
Min., |3| 9/40] 21] 21 | 29] 47 
54 | Ryestraw,- - - - - - Max., | 3] 9/51} 29/41} 52! 73 
Avg., |3| 9} 48| 25 | 29| 39) 68 
Min., |5| 9/49/25] 14} 33] 50 
55 | Oat straw, - - - - - Max., |5| 9] 53/50/51 66 
| Avg., |5| 9} 51| 40] 32] 47| 58 
Min., | 2] 5] 50] 22] 38) 49] 54 
56 | Barley straw, - - - - - Max., |2| 5/56] 26| 43] 59/58 
Avg., |2) 5|68/25|42| 54) 56 
§7.| ‘Maize stover,'-, = = 3) = SA Ve., [| tp oer on eae 
Min., | 2} 4) 43/41 |37| 27/55 
58 | Rice straw, - - - - - Max., | 2] 4153/47/52] 38] 61 
Avg., |2| 4| 47/46 | 47| 39/57 
Min., | 3} 5|51/45|49| 64] 36 
59 | Bean straw, - - - - - Max., |3] 5163] 54] 60] 73] 53 
Avg., |3| 5|55|49167)| 68) 43 
60 | Peastraw, - a = Avg., |1| 2159/61/46) 64) 52 
61 | Lupin straw, - - - - - Avg., | I} 2|— 1/38] 80} 65) 62 
Min., | 2} 4)52| 37/58] 62) 32 
62 | Soy bean straw, - - - - Max., | 2] 4/59] 62] 64| 71/ 43 
Avg., |2) 4/55/50) 60| 66) 38 
63 | Soy bean pods, : - p - Avg., |1| 2/638} 44/57! 73) 51 
Min., |2]| 4] 29] 24| 49] 43] 10 
64 | Extracted hops, - - - - Max. | 2} 4}41'| 39/97. esaieeo 
Avg., | 2'| 4/907 1G) 1 G4) 46) 
Roots and Tubers. 
Min., | 4 |24) 73 |44|—]| 83} — 
65 | Potatoes, ° - - - - Max., | 4/24] 97 | 88] —/ 99} — 
Avg., | 424} 86 | 61 | —} 90) — 
Min., | 3 |18| 80} 52|—J| 92| — 
66 | Red beet, - - - - 4 Max., | 3 |18| 96 | 90 | — |100| — 
Avg., |3|18| 88) 77 | ==), 96) = 














Reference No. 
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70 
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TABLE 49.—( Continued. ) 























Ke 
= 
o 
= 
o 
KIND OF FEEDING STUFF. oy 
: ca 
x) 
° 
Z 
EXPERIMENTS WITH RUMINANTS, 
Roots and Tubers.—( Contd.) 
Minw87 2 
Sugar beet, - - - - - Maxs, "(72 
AVE toe 
Turnips, cs - - - - Avg! 
Swedish turnip, : = =, 2 Avgi, }1 
Grain, Seeds and Fruits. 

Mins, 412 
Oats, - - - - - - Max.,, |II 
Avg., {11 
Min. 2 
Barley, - = - - e . Max., |)2 
Avg., | 2 
Mint i4 
Maize (Indian corn), . ‘ 3 Maxeeie 4 
Avg., | 4 
BE eee - - - - - AVG. ne 
{ Min., | 8 
Field beans, - - : : z Max., : 

Avg., 
Peas, - = - - % - AVOun ies 
( Min., | 6 
Lupin, - 2 : - - ’ Max., | © 
Avg., | © 
Lupin, steamed and not extracted, - A Cn a! 
Lupin, steamed and extracted, - Avg., | 1 
Lupin, in natural condition, - - Avg., | I 
Lupin, strongly steamed, - RAV ete? 
Vetch, - - - : - - Avg., | 1 
Soy beans, - : - -, fives | 2 
Min., | 2 
Linseed, - ~ “ - ~ Max., | 2 
Avg., | 2 
Horse chestnuts, - - - - Avg., | I 
Acorns, - : Avg., | I 
Carot bean pepe tay aa - 2 Avg., | 1 

By-products or Wastes. 

Min., | 6 
Wheat bran, - - - - - nett : 

Vg.» 
Spelt ( Zriticum spelta) bran, - ANG Si a2 
Rye bran, = - AVS.;" | 1 
Gluten meal from -ateoree - - Ave., | 1 
Gluten meal from maize (corn), . Aver ly 
Rice (fodder) meal, t - - Avg., | I 
Rice (fodder), poor quality, - - ANE Sf T 


11 


No. of Trials. 
Organic Matter. 


| 


28 
28 


39 


ee) 
Ne) 


39 


mH OH 
NHNndndnvntHlft 


iS) 
Ke) 


29 


Se 
Novo NNW WD 


MONS ST ST SS ND hb 





Ss) 
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Protein. 














= | 








Fat. 








a Nit.-free Substance. 


101 


Fiber. 
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162 STATION. 
TABLE 49.—( Continued. ) 
# gu 
: 8|.4| 8 : 
A LS | os aoe 2 
€ KIND OF FEEDING STUFF. lo le | e112 
v ai} O} a | et ae 
vo ra Fags _ 
oc O}5 | bo evs 
a S|416 3 
Z Zz 
EXPERIMENTS WITH RUMINANTS. %4'\%1%!1%1% 
By-Products or Wastes.—( Cont'd.) _ 
Min., | 4] 9} 64} 73] 43} 58] 32 
94 | Malt sprouts, - - - - Max., | 4] 9| 82 |100/100 94} 95 
Avg., | 4 9/75 | 81/ 68| 76| 64 
9s | Brewers’ grains, fresh, - - -  Avg., | Tj 2/68 73] 84) 64/ 39 
Min., | 2} 7| 54| 62] 66) 51] 21 
96 | Brewers’ grains, dried, - = - Max., | 2h. 71.72: 73) Oo 7 eigeeee 
Avg., | 2! 7/62| 69} 81) 63] 39 
97 | Beet diffusion residue, dried, - - Avg., | 2} 6} —| 63}—| 85 84 
Min., | 2/10] 74| 80] 87] 60} 23 
98 | Linseed oil meal, linseed cake, - Max., | 2/10} 88] 90} 94| 96] 93 
Avg., | 2/10) 81| 86} 90) 80| 50 
99 | Linseed oil meal, without fat, - . Avg., | | 8)71 | 82) Ol) Foie 
Min., | 2| 7} 48| 65} 60] 66) — 
100 | Rape seed oil cake, - - - Max., | 2} 7| 79} 92] 94] 85] 34 
Avg., | 2) 7|79| 81| 79) 76) 8 
tor | Rape seed oil meal, without fat, - Avg., | 1{ 1168} 84) —| 85) — 
102 | Peanut oilcake,  - - - - Avg., | 2| 4/85} 90} 86) 93) 16 
103 | Cocoanut oil Cakes - - - Ave., Patients 76/100) 77| 62 
Min., | 2} 8| 50] 72| 86) 46} 2 
104 | Cotton seed oil cake, with hulls, - Max., | 2| 8! 60] 77] 93) 60) 24 
Avg., | 2} 8|54| 74) 90} 51/16 
f Min., | 2} 4/80] 84} 85} 66) — 
105 | Cotton seed oil cake, without hulls, - Max., | 2| 4] 81 | 89/100) 84) —— 
Avg., | 2| 4/81) 87} 96) 76) — 
106 | Sesame ( Sesam indicum) oil cake, - Avg., | 1] 4|77| 90} 90) 57| 31 
107 | Palm nut oil cake, - - - - , Ave,, | 1) 2175) (7 Oe Tees 
Min., | 2] 3} 89| 87] 88] 92] 72 
108 | Palm nut oil meal (fat removed), - Max., | 2} 3} 96 |IO0|100} gg} 95 
° oAve. 2) spno. 95} 95) 94) 82 
10g | Sunflower seed oil cake, -— - - Avg., | 1| 4| 76] 90} 88! 71/381 
Animal Foods. Mi 
. In., | 5) 5/97] QTILOO! 93) — 
110 | Cows’ milk, - - - - - Max., | 5! 5199] 97/100} 99| — 
Avg., | 5} 5/98 | 94/100} 98) — 
Min,, | 2| 3)92 |-O4)°QO)—== 
111 | Flesh meal (ground meat), - - Max.,'| 2) 3} 961 97/100; === 
Ayg.; | 2) 3/98:1- 96/00) — t= 
112 | Blood meal, - < s : % Avg., | 1) 2/68| 62/100)100) — 
113 | Fish meal, - - : - = Avg., | 1} 2} —| 90) 76) — | — 
EXPERIMENTS WITH HorsSEs. Ming: 
in., | 3} 4/54] 59] Io} 60) 42 
114 | Best mixed hay, - - - - } Max 3) 4/62] 69) 43} 69) 57 
Avg., | 3} 4|58| 64) 22) 66) 48 
Min., {11/14} 40] 46) 7} 49} 21 
115 | Medium mixed hay, - - - Max., |11/14| 60| 66] 43] 63] 48 
Avg., |11|14!50! 59! 18! 58] 39 
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TABLE 49.—/( Continued. ) 





Reference No. 


116 


117 


118 


119 
120 
I2I 
122 
733 
124 
125 
126 


125 
128 


129 


130 


131 
132 
133 


134 
135 
136 
137 
138 
139 

















KIND OF FEEDING STUFF. 





EXPERIMENTS WITH HorskEs.—/( Cont’d. ) 


Poor mixed hay, - S - - 
Red clover hay, - : é 2 
Alfalfa, - - - ss * & 


Wheat straw, - : Z - 2 
Spelt ( 7riticum nis ) straw, - 
Potatoes, - 5 : & 
Carrots, - - - - - : 
@ats,-)) = : “4 - 3 fs 
Barley, - - - - - - 
Maize (corn), - - - - - 
Field beans, - - - - - 


Peas, © - - : 4 2 
Lupin (extracted), - Ms : - 


EXPERIMENTS WITH SWINE. 


Potatoes, = » a f L 
Barley (hulled), - - - - 


Maize (corn), hulled, - : 2 
Rice (hulled), - ‘ : ‘ 
Peas (hulled), - - - ? 2 


Rye bran, . = - + yne 
Cocoanut oil cake, - - - : 
Flesh meal, - - - - - 
Blood meal, - - - 
May beetle (Maikac fer), - - 
Sour milk (loppered), —- - 


Min., 


| No. of Experiments. | 
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16 
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No. of Trials. 
Organic Matter. 
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Protein. 





Fat. 





Fiber. 


SS | Nit.-free Substance. 
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TABLE 50. 
Coe ficients of Digestibility of American Feeding Stuffs as determined 
by American Experiments.* 





























4 aA 
3 D4 sail poll “es steer 9 
va & "S 8 ns x 3 
¥ St |e. | Sel | 
S| KIND OF FEEDING STUFF. = pes eee 
2 |S fe ote lo ee 
% S| 6 |} Ac & aoa 
a eee 4 5 | 6 

Z cae 

EXPERIMENTS WITH RUMINANTS. G q % % % % 

I | Pasture grass, - - - ' 71) 9) 93 eae 
2 Souving Tye, i= - - : 74 | = | 96s) 74 oe 
3 | Corn ensilage, - - - -; 1 18 | 64 46 | 80 ; 67 | 67 
4 | Soiling clover, - - . - 66 | —.| 07) O4nis7eae ss 
5 | Sorghum, = 61.|- — | 40) 6729 rieae 
6 | Timothy hay (all experiments), - Il | 27 | 58) -— | 49 I-65. Osuna 
7 | Timothy hay (early cut), - 61 | 62 | 57 | 56 |.64 | 59 
8 | Timothy hay (late cut), - - 53 | 54 | 45 | 58 | 60 | 46 
9 | Hungarian hay, - z 64 | 66 | 61 | 58 | 66 | 68 





10 | Blue-joint hay, = . - 
II | Orchard grass hay, - - - 
I2 | Red-top hay, - ~ . - 
13 | Witch grass hay, - - - 
14 | Wild oat grass hay, - 

15 | Mixed hay (clover and timothy), 
16 | Clover hay (red), - - 

17 | Alsike clover hay (cut in bieom) 
18 | White clover hay-(in late bloom). 
Ig | Alfalfa hay, - - 





20 | Corn fodder (whole plant), A ss 37 | 67 | — | 58 | 7I | 69 | Fo 
2t*| Corn stover,. - - - 62 | — | 52 | 52 | 64 | 66 
22 | Oat straw, - 2 - - 50.) 61 |. =" (367 (esa aeore 


23 | Potatoes, - = = -: " 
24 | Roots,” - : 3 ° ra 





25 | Corn meal, - - - - 85 | — | 58 1°92.) 87a. 
26 | Pea meal, - - : - 87 ; 88 | 83 | 54 | 94 | 26 
27 | Malt sprouts, - - - 67 | 67 | 80.) ==") heise 


28 | Cotton seed meal, - z 3 
29 | Wheat bran, - - S : 
30 | Wheat middlings,  - : : 
31 | Gluten meal, - = . 2 





HHHN HHH RBH HERON HR RENN NNN DND NY HOOD BH He OO HYD 
RPNNRNHANDND OWNHHPNITWTHWNWONWWWW AOnrvI NY ONA 








32 | Cotton seed hulls, - - l 36 | — | 25 | 81 | 40 | 27 
EXPERIMENTS WITH SWINE, 

33 | Whole corn (kernel), : - L | ot. | 82:1. 83+) 69.1460) Seog ere 

34 | Corn ‘meal, - - - i ee I‘) 89°} or | 86.) 82 oad 

> 36 | Corn and. cob meal, - - - I 1) 762) 97 yO Bane aes 














* From a compilation made by Prof. W. H. Jordan, Director of the Maine Agricultural Ex- 
periment Station, for the Office of Experiment Stations of the U. S. Department of Agri- 
culture, by whose courtesy this table is here printed. 
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An examination of table 49, in which there are given minima 
and maxima as well as average digestion coefficients, will show 
that in many instances there is a great range in the digestibility of 
the same kinds of feeding stuffs. This was to have been ex- 
pected, since there are so many modifying elements entering into 
a digestion experiment. The kinds of animals used, their breeds, 
ages, and especially differences of individual animals, greatly 
modify the results. The methods of harvesting and curing, the 
period of growth at which the plant is cut, the length of time kept 
after curing, the quantities fed, whether fed green or cured, and 
the method of preparation of the food, all affect the digestibility 
of the feeding stuff and, moreover, mixtures of different feeds 
do not seem to be digested in the same way as the same feeds 
would be if fed alone. It follows from this, taken together with 
the comparatively small number of accurate digestion experi- 
ments thus far conducted, that it would not do to follow abso- 
lutely the figures of either tables 49 or 50. 

Looking at tables 49 or 50, one will find that different 
Species of grasses have in some instances very different digesti- 
bility. While it is probably true that there are specific dif- 
ferences in digestibility, it is very much to be doubted if the 
results of experiments thus far obtained would warrant us in 
assigning definite different coefficients of digestibility to different 
species of coarse fodders. In table 51, which follows, there is 
given a summary of the average coefficients of digestibility of 
tables 49 and 50. In this table (51), instead of arranging the | 
coarse fodders under their specific names, materials which are 
more or less alike are classed together. Thus, under green 
fodders, the different kinds of grass, rye and allied plants are 
grouped together. The numbers in the table immediately fol- 
lowing the words European and American refer to the reference 
numbers in the respective tables (49 and 50) from which the aver- 
ages were obtained. It is of considerable interest to note that 
while individual experiments (see table 49) upon the same species 
have quite different range of digestibility, that the average of 
results obtained in the groups, in both European and Amer- 
ican experiments, accord fairly well. ‘There are also given in this 
table (51) the factors which were used in calculating the pounds 
of digestible matter in different feeding stuffs, as given in table 
52. In the instances in which simply inspection of the table will 
not show how the factors used in table 52 were obtained, expla- 
nations are given in foot notes. 
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TABLE 51. 
Average Coefficients of Digestibility of Different Classes of Feeding 
Stuffs as Ascertained by European and American Feeding 
Lxperiments, and the Factors Used in 
Computing Table 52. 























gi meh bs =| 5 5 
o 2 5 s | Ob © 
KIND OF FEEDING STUFF. oe | ss 2 = |g 85 2 
b ef be hicnir” fx 

apd Pee lceh pa Pe 

GREEN FODDERS. 

Grass, Rye, Ete. i d i z x 
European (Nos. 1-3, 5 and 6), - II 74 74 69 76 71 
American (Nos. I and 2), - - 6 a) 74 67 73 1. 83 


Factors used in table 52, - 
Corn Fodder. 


European (No. 1), - - - 67 72 
Factors used in table 52,* - — — 74 67 7% 83 


Clover, Alfalfa, Etc. 
European (Nos. 30-32, 35 and 34), 18 66 74 57 on 47 


me ah 67 73 83 


Len 
sI 

ie) 
“I 
ies) 
“I 
or 




















American (No. 4), - - 2 — 67 64 78 53 
Factors used in table 52, - - — _ 67 64. 78 53. 
ENSILAGE. 
Corn Enstlage. ; 
European (No. 8), - - - 3 62 94 maa S 85 68 56 
American (No. 3), : “ =! 18 — 46 80 67 67 
Factors used in table 52, - - — —- 46 80 07 a GF 
Dry COARSE FODDERS. 
flay of Grasses. 
European (Nos, 16-23, and 26-28), | 183 61 58 53 63 60 
American (Nos. 6 and 9-14), - 47 62 54 54 63 55, 
Factors used in table 52, - - | — —_ 54 54 63 55 
Corn Fodder. 
European (No. 9), - - - 3 63 48 67 66 64 
American (No. 20), - - - 37 — 58 ep 69 70: 
Factors used in table 52, - See Negron aes 58 71 69 =0 
Corn Stalks ( Stover). 

European (No. 57), - : - I —— ao 28 40 52 
American (No. 21), - : - 4 | — 52 52 64 66 
Factors used in table 52, - r — — 52 52 64 66 

Mixed Hay, Clover and Timothy. 
memetican (No.°15), 9 .- - - 3 — 42 54 57 49 
Factors used in table 52, - - — — 42 54 57 49 

_ Rowen Hay. 
European (No. 29), - - : 30 64 62 46 67 64 
Factors used in table 52, - - — — 62 46 67 64 
Clover, Alfalfa, Etc., Hay. 

European (Nos. 33, 34, 36-43, 45, 
46 and 48-50), - 109 57 68 52 66 46 
American (Nos, 16, 17, 18 ona 10), 14 5 61 49 65 46 
Factors used in table 52, - - — — 61 49 | 65 46 





* Same as for grass, rye, etc. 
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TABLE 51.—( Continued. ) 














KIND OF FEEDING STUFF. 


No. 
of Tests. 
Organic 





Oat Straw. 
European (No. 55), - - 
American (No. 22), - - 
Factors used in table 52, - 
TUBERS AND Roots, 
Potatoes. 
European (No. 65), - = 
American: (No, 23), .- + - 
Factors used in table 52, - 
Roots. 
European (Nos. 68-69), —- 
American (No. 24), - - 
Factors used in table 52, - 


MILLING AND By-PRODUCTS. 


Corn Meal, 
Emropean (No:.72), -- “ 
American (No. 25), - - 
Factors used in table 52, - 
Corn and Cob Meal. 
American, - - = - 
Factors used in table 52, - 
Pea Meal. 
European (No. 75), - - 
American (No. 26), - - 
Factors used in table 52, - 


Gluten Meal from Corn. 


European (No. I), - bs 
American, - 3 i 
Factors used in table 52, - 
Malt Sprouts. 
European (No. 94), - S 
American (No. 27), - - 
Factors used in table 52, - 
Brewers Grains. 


European (Nos. 95 and 96), 
Factors used in table 52, - 


Wheat Bran and Middiings. 


European (No. 87), - : 

American (No. 29), - = 

Factors used in table 52, - 
Cotton Seed Meal. 


European (No. 105), - - 

American (No. 28), - - 

Factors used in table 52, - 
Linseed Meal. 


European (No. 98), - - 
Factors used in table 52, - 
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75 
67 


62 


71 
68 


81 
81 
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Matter. 














Protein. 





Dale 


61 


44 
50 


58 
34 
84 


76 
58 
76+ 


76 
76 


89 
83 
83 


85 
87 
87 


8I 
80 
8I 


69 
69 


78 
78 
78 


87 
89 
89 


86 
86 











Fat. 





% 
32 
37 
37 


13 


75% 


77 
fe 


86 
92 
92 


82 
82 


75 
54 
54 


76 
88 
88 


68 


68 


8I 
8I 


72 
76 
76 


95 


IO0O 
IOO 


go 
go 


Nitrogen- 











free 
Extract. 





nop 
b ww S& 


gO 
gli 
gI 


go 
95 
95 


93 
87 
87 


84 
84 


93 
94 
94 


94 
gI 
gI 


76 
68 
76 


63 
63 


76 
72 


wo] 2 


76 
68 
68 


80 
80 














58 
58 


28 
28 


66 
26 
26 


34 
33¢ 


64 
33 
64 


39 
39 


30 


331 


33+ 


50 
50 





* Assumed. ‘+ American figures were so low European were used. 


(See corn and cob meal. 
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THE CALCULATION OF RATIONS: 


BY CHAS. Do WOODS. 


——_e+e—_ 


In the preceding pages there have been summarized the results 
of analyses of the principal feeding stuffs used in New England 
and the results of digestion experiments showing in how far the 
animals are able to digest the nutrients furnished them in the 
different foods. It is only a few years since this subject was first 
introduced into America. The first at all full explanation of the 
composition and the digestibility of feeding stuffs and feeding 
standards ever given on this side of the Atlantic, or indeed in the 
English language, was presented before the winter meeting of 
the Connecticut State Board of Agriculture less than twenty 
years ago.* Since that time, many of our best farmers have 
come to a pretty clear understanding of the German feeding 
standards, and have learned to calculate the amounts of nutrients 
in the rations which they feed their stock, Perhaps, on the 
whole, those of us who have adopted these ideas have taken the 
matter a little too seriously, since there is danger of assuming 
that feeding standards are absolute, and that the calculations of 
a ration are merely questions of arithmetic. 

At the present, the value of any food used in cattle-feeding is 
usually estimated by calculations based upon (z) more or less 
perfect knowledge of the chemical composition of the feeding 
stuff; that is, the percentages of protein, of fat, of carbohydrates, 
including fiber, and the ash; (4) upon the digestibility of these 
different ingredients in the class of food used, as observed in 
actual feeding experiments, and (c) upon the amounts of the 
digestible nutrients, as ascertained by feeding experiments and 
practical experience, which are needed for the proper nutrition of 
animals of different kinds, or fed for different purposes. 

In table 48, pp. 144-155, there are given the average percentage 
composition of New England feeding stuffs, and figures showing 





*Results of late European Experiments on the Feeding of Cattle, by W. O. Atwater, Report 
Connecticut Board of Agriculture, 1874, Pp. 131-180. 
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the range of variation in composition. It is, I suspect, customary 
for those who use such tables to calculate their rations by assum- 
ing the materials they use to be of average composition and 
average digestibility. The great variability in composition of 
feeding stuffs, which a glance at the table will show, points out 
the unwisdom of blindly assuming a given feeding material to be 
of average composition. If it were practicable, the best method, 
when deciding upon a ration to be used, would be to have 
analyses made of the materials to be fed; but since this is not 
generally practicable, the farmer is left largely to his own judg- 
ment as to the quality of the food. ‘Tables showing the range in 
composition will help to a better estimate of the probable compo- 
sition of a given feeding stuff, when used with a knowledge of 
conditions of growth, than can be obtained in any way except by 
actual analysis. 

In estimating whether a feed is above or below the average 
composition and digestibility, some of the more important condi- 
tions affecting composition and digestibility should be taken into 
account. ‘They may be summed up as follows: 

Crops of grain, and fodder plants other than legumes, grown 
with nitrogenous fertilizers, will usually contain more protein 
than those grown with only mineral fertilizers. 

Fodders are equally digestible, whether fed green or dry, pro- 
vided there is no loss in curing. 

Quick curing without overdrying, and with a minimum of 
handling, reduces loss of leaves and other fine portions of the 
plant. Hay thus cured will usually be richer in protein and in 
fats than if there is much loss in curing. ‘The protein and fat are 
also more digestible in such hays than in those that are not care- 
fully cured. 

The method of preparation of a fodder, z..e, whether steamed 
before feeding or not, or whether fed hot or cold, so far as the 
experiments show, produces no effect upon the digestibility. 

As a rule, the older the plant, the less percentages of protein 
and fat and the more of fiber it contains. Also, the protein, fats, 
and carbohydrates are less digestible in old than in young plants. 
This points out the importance of comparatively early cutting. 
Probably the best time for cutting most plants used for hay is 
when they are in early bloom. 
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Long keeping reduces digestibility and is attended by loss of 
actual dry matter. | 

The chief thing to be observed in the use of concentrated feeds 
is to keep the ration narrow and not to supply too large a quantity 
of fat. Practically it is probably unwise to feed a ration whose 
nutritive ratio is greater than that of one to seven, or at the most 
one to eight. Some of the more recent experiments with milch 
cows seem to indicate that even a narrower ration than the 
ordinary standard, 1 to 5.4, can be used with profit. 

Reference has been made (p. 165) to the fact that there is mere 
or less uncertainty attending the use of coefficients of digestibil- 
ity, but as a good guess is a better guide than blind ignorance, so 
digestion factors help us to a much better understanding of the 
value of a food than is possible without an attempt to take diges- 
tibility into account. Because our facts are not sufficient to 
warrant absolutely definite conclusions, it does not follow that 
we should not live up to all the light we have. The coefficients 
of digestibility suggested in table 51, in which the average results 
obtained in European and American digestion experiments are 
compared, are perhaps as good as any we have as yet. Twenty 
years ago we had almost no knowledge of the composition of 
American feeding stuffs. The number of analyses were so few 
that no attempt was made to compile them for practical use. 
In the past twenty years nearly 5,000 specimens of American 
feeding stuffs have been analyzed, and we know within quite 
definite limits what the composition of any given feeding stuff is. 
It is to be hoped and expected that the next two decades will see 
such additions made to our knowledge of digestibility that we 
may then be able to speak as confidently of the coefficients of 
digestibility as we now do of percentages of total nutrients. 

In table 52 the attempt is made to calculate the weights of the 
different digestible nutrients and the calories of potential energy 
which would be supplied by a pound of each of the different 
kinds of feed most used in Connecticut. The figures here 
given were obtained by multiplying the averages of the analyses 
of different feeding stuffs given in table 48, p. 144, by the factors 
(digestion coefficients) given in table 51, p. 166. 





THE CALCULATION OF RATIONS. 171 


TABLE 52, 

Weights of Total Organic Matter and of Digestible Nutrients and 
Calories of Potential Energy in Digestible Nutrients of One 
Pound of Different Feeding Stuffs of Average 
Composition and Digestibtlity. 














DIGESTIBLE NUTRIENTS.* 
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He Winer 5 

KIND OF FEEDING STUFF. Sean rs oe es 48 | 4 

Bice sore ces ieee + a ie 

es | OVS ro) (xy a o = 

oo o Ob =) w os = 

oO oa cS i, 
Green Fodders at Cutting. Lbssibbs ci bbs Lbs Ls aerial 
Barley fodder, - - - | 5229 [yy -£O8) te.O20 fa.Q04 4, 130 320 
Hungarian fodder, - - a1 257 dies LOO. ler, O22 te O05 in LOO er a 7c 
Corn fodder (dent), - - “1 TG 1 leo tT evOLST a NOOA ie «Bl Ours aco 
Corn fodder (flint), - = =P 21889 a OLS saeoOs uh 124 280 
Corn fodder (sweet), - - = [e. 122}. 5002 TOK eeoa2 ls OSOr) ois 
Oat fodder, - - _ at eB 3S k Ok TS DST eS, tea LOL 326 
Orchard grass, - - - ah eB ALO ni O2T MARGOT) lee BO 405 
Pearl millet, - - - ol neh bee lOa ser OLORNLZOOS tel 76 370 
Red-top,  - - - = Ps F1 G1 AAA OLR OOR e220 465 
Rye fodder, - - - = it LOOT atk See Ol as ecu hc. LLA 275 
Timothy, - - - : <i) 3007| Bie 2Oe) ee OLOM ime Os bs, 205 440 
Wheat fodder, - - - a 942 en Lode ORL OO0n 15 7th Ihe 
Clover, - - - - ~ | .194. is E90 020" P6050)" 100 j=) ane 
Cow pea vines, - - - 21 (TST) Weld O10 12004. h .OSL 205 
Oat and pea fodder, - - +t SEI. | al 26 O24 en OUR” be LOO” Hm one 
Vetch, - - - - «YL &. LO9 dete POS ole e020. 62.0032) ..070 210 
Vetch and oats, - - - =f RSL ee WS ater OL ous. Ik Lad 305 

Corned Fodders and Hays. 
Blue (June) grass, - - = The. Bago. SOee eOO2 1 OT? 10422 975 
Corn fodder, - - = =) |. 860 ‘bs S S00 040 ThesOT Pela 838! | TT20 
Corn stover (stalks), - - <i 2702 | smg@eOn Ooze .O00rr 450 1 O25 
Fowl meadow, - - - - | .800 | .469 | .057 | .016:| .396 gIo 
Hungarian, s - - <1 we7OL. ALS ROSOe| Olean 302 800 
: Hay mixed grasses, - - ~ 800: fk -4eOwnmOte rt OlUs dA 22 66 O30 
| Oat hay, - - - - = | 5.819) :404up .O42 POLS. 427 O46 
Oat straw, - - : - = | 4805" 1.425) OF | o,010 ‘hit. 300") S15 
Orchard grass, - - - = fo O22. Ling oom Olam (OE Se te ATS rl O40 
Red-top, - ee we EO B44 ee 5OOL O44 E-O15 (1441 |*'y65 
Timothy, - - : = af) 64 Tale SO2 meOsOee. OL Sit 46) 970 
Timothy and red-top, - - =| 481640) .4osaienOdGee. OTF) | 2430: |. -036 
Alfalfa, - - - = = 15,823 [oA Poe e Dose L009 | \<304 905 
Clover (alsike), - - - ~ fide 8OGr| ed OT aieecis tan O16 | 6970. | 905 
Clover (red), - Be) as + 15,830" Ageia i. 0L0 | 1304.1 , 925 
Rowen hay, - - - ~ | .787 (SOR .O84 1) 085 | .407 975 
Enstlage. 
Corn ensilage, - - - |) LOS bee OOS we OOO «| T1242" 250 
Roots, Etc. 

Carrots, - e - - - | 090. tOQ0R) "2008 | .002 ;  .080 170 
Mangolds, - - - - - | ,087 |2.080"| ,Of1 | .001 | .068 150 
Pumpkins, - - ue = +} LSS eee ede meneray 1 y.019. | .068 255 
Potatoes, - - > - = bh @ LOO Mamet COON eNOR2 71. .OOL. | .156 315 
Ruta-bagas, - - - - | .099 | .090 | .009 | .002 | .079 170 
Turnips, - 2 - - - | .088 | .078 | .008 | .002 | .068 150 





* The factors (digestion coefficients) used are those of table 51. 
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TABLE 52.—( Continued. ) 









































© DIGESTIBLE NUTRIENTS. * 
: a | 3 
Bie eis ef| a 
Ss) em MS 
KIND OF FEEDING STUFF. oe Ree 5 + = : ae 
Shs 8 | & |S] g 
op eee at me ee 
Milling and By-Products. Lbs. | Lbs.) Lbs.) Lbs. see 
Corn meal, - - - - - | .836 |. ,713 1. .070 | 035 | OG sei 
Corn and cob meal, - - - |. .888 | .684 } .066} [O31 1 2589 mata 
Pea meal, - - : - - | .869 | .692°|:,.168"| :006-12 5185) er see 
Hominy chops, - - - - | 864.) .694.| .074 | )..0608) | eae eeiiee 
Buffalo gluten feed, = - - ~ | .900 | .774 | 3178 | 100) 400mm 
Chicago gluten meal, - - - |. .QI2 | .794 | .263. | i@Bae! “44g see 
Cream gluten, - - - ~ | .QT2 |. °.803°]- 914) 1s SO ios eee 
Starch feed (w ak - - ~ | .343%'.264.4.046' (025 aaa tae 550 
Oat feed, - - - «| 886 1.97627) (139-062) SOR eee 
Malt sprouts, - - ~~ | 846.) -.637, ¢- .1885) \. OF2 ga eee 
Brewers’ grains (wet), - - - | .233.| .144 | .037 | .013 |)” .0Q4 aie some 
Brewers’ grains (dried), - “| ,082 1° 550 1/137 | 20464 == Onna 
Wheat bran, : ~ - + 1,823 | .§68 | . 120°) 1030/)2 ato eee 
Wheat middlings, - - - |. .846' | ,602 | ..122-| 3.030) 400 mmenem 
Cotton seed meal, S - | .846 | .685: |} 3764" 51311 oLyoceer eee 
O. P. linseed meal, - - “| 38528 1° 682 4.2834 (071 Gato rae 
N.P. linseed meal, - - «| .841. 4 5667) ) 2.2865) 027) akan 





* The factors (digestion coefficients) used are those of table sr. 


Keeping in mind that there is no such thing as a “ best ” ration, 
that individual animals vary in their needs, and in the extent to 
which they utilize the nutrients in their food, and that any one 
sample of a feeding stuff is generally either better or poorer than 
the average of all the samples of the same kind of feeding stuff 
that have been analyzed, we may venture to use such a table as 
the preceding (52). 

As an illustration of the way such a table may be wea the 
detailed calculation of a ration follows. 

At a farmers’ institute, held in Bristol in the winter of 1893-4, a 
milkman, whose milk was tested by the Babcock method, said 
that he was feeding per 1000 pounds live weight as follows: Corn 
meal, 5 pounds; Buffalo gluten feed, 5 pounds; cotton seed meal, 
2/2 pounds; hay, 5 pounds; and ensilage, 4o pounds. Assuming — 
the different feeding stuffs to be of average composition and 
digestibility, the ration may be calculated, from figures given in 
table 52, as follows: 





THE CALCULATION OF RATIONS. EIS 


EXAMPLE OF CALCULATING: A RATION BY USE OF TABLE 52. 


Kinds and Amounts of Feeding Stuffs Fed by a Bristol Milkman, 
and thetr Estimated Nutrients. 






































FEEDING STUFF. DIGESTIBLE NUTRIENTS, 
5 Carb 
Kind. fe) Protein. Fat. Ore | FuelaVvalies 
& hydrates. 
<q 
Lbs. Lbs. Lbs. Lbs. Calories. 
ane eee (.070X5) | (.035X5) | (.608X5) | (1410X5) 
350 pee 3.040 7050 
Buffalo gluten feed, |s {| (.178%5) | (1005) (4.96X5) | (1675X5) 
H .890 .500 2.480 8375 
Cotton seed meal, - 214 | (.376X 2%) | (131X234) | (.178X 2%) | (1580214) 
-940 328 -444 3950 
es ne (.042X5) | (0165) | (.422X5) | (930X5) 
J .210 .080 2.110 4650 
Enciace, ; Ne (.008 X40) | (.006X 40) | (.112X40) | (25040) 
.320 .240 4.480 10,000 
Total,  - -| — 207 13 12.6 34,025 
] 
Smavescatoee re | iY ss ee a KS) 52.68 
2.7 





* Multiply the weight of digestible fat by two and a half, and add the product thus obtained 
to the weight of digestible carbohydrates and divide this sum by the weight of digestible 
protein. ‘The quotient thus found is called the nutritive ratio. 


Our knowledge of rations in general and for milch cows in par- 
ticular, and its limitation, is referred to at some length in pages 
g4—1o1 of the present Report. Different as the “standards” for 
feeding milch cows, given in page roo, are from each other, it is 


probably true that 75 per cent. or more of the feeders of dairy stock 


in America would find that their herds would give better returns 
if they should try to make the rations which they feed conform 
to either of the four rations there suggested. This would follow 
not more from the improvement in the ration fed, than from the 
increased attention to details in care and handling which would 
follow better attention to feeding. The study of the individual 
animal which would be apt to be the outcome of this increased 
attention would doubtless, in most instances, result in an attempt 
to vary the ration of that particular animal so as to conform 


more nearly to its needs. 
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STUDIES OF DIETARIES. 


BY. H. Bo GIBSON AND -C.--D: WOODS: 


REPORTED BY W. O. ATWATER. 


—--- @¢e@-—_ 


Accounts of studies of dietaries of families and a boarding 
house, by the Station, have been given in previous reports, as 
follows: 

1. A boarding house.* 5. A machinist’s family.t+ 
2. A chemist’s family.* 6. A mason’s family.+ 

3. <A jeweler’s family.+ 7. Acarpenter’s family.t+ 
4. A blacksmith’s family.+ 8. A carpenter’s family.+ 

Five dietaries have since been studied and are here reported. 
They are those of: 

g. The family of the Station Agriculturist in winter. 
10. A mason’s family (the same as No. 6). 
11. A carpenter’s family (the same as No. 8). 
12. A college students’ club. 
13. The family of the Station Agriculturist in summer. 

The general plan of the investigation included an account of 
the amounts and composition of all food materials of nutritive 
value in the house at the beginning, purchased during and 
remaining at the end of the experiment, and of all the kitchen 
and table wastes. The amounts of different food materials on 
hand at the beginning and received during the experiment were 
added; from this sum the amounts remaining at the end were 
subtracted. This gave the amount of each material actually 
used. From the amount thus obtained and the composition of 
each material, as shown by analysis, the amounts of the nutritive 
ingredients were estimated. From these were subtracted the 
amounts of nutrients in the waste, and thus the amounts of 
nutrients actually eaten were learned. 

Account was kept of the meals taken by the different members 
of the family, and by visitors. The number of meals for one 
man, to which the total number actual meals taken was equiva- 
lent, was estimated upon the basis of the potential energy, as has 





* Report of this Station, 1891, pp. go-106. 
+ Report of this Station, 1892, pp. 135-162. 
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been done in previous investigations here.* These energy equi- 
valents, which are stated below, are somewhat arbitrary, and 
require revision in the light of accumulating inquiry. It has 
seemed best, however, to use the same figures here as in the 
previous reports and postpone the change until. these dietaries 
may be summarized with others in a later publication. 


Estimated Relative Quantities of Potential Energy in Nutrients Required by 
Persons of Different Classes. 


Man at moderate work, - ‘ - - - = - 10 
Woman at moderate work, - - 4 = - - - 8 
Child, 15 to 6 years old, . - = - - - - 7 
Child, 6 to 2 years old, - - - - - - - 5 
Child, under 2 years old, - - - - - - - 214 


EXPLANATION OF TABLES. 

The figures in the first table of each dietary (EanICS 25.355 hen 7s 
59 and 61), giving the actual amounts‘of food and of nutrients 
in the food used during the dietary, are based upon the weights 
of the food materials as they were purchased and used; that is, 
they include bone and other refuse, except where specified. 

The first three columns in the table contain the percentages of 
protein, fat and carbohydrates used in computing the amounts of 
those nutrients in the different food materials. In all cases where 
the composition was not fairly well known from previous analyses, 
specimens of the food materials actually used in the dietary, or 
specimens as nearly identical as possible, were analyzed. The 
cases in which special analyses were made in connection with 
these dietaries are indicated in the table by placing the letter a 
after the name of the material. The weights of the water-free 
table and kitchen wastes, and their composition, are given in the 
last line of the table. Exactly what is included in these wastes 
is explained in the foot note on page 97 of the Report of this 
Station for 1891. 

The third (last) table in each dietary (tables 54, 56, 58, 60 and 
62) gives the nutrients and potential energy in food purchased, 
in table and kitchen wastes, and in the portion actually eaten. 
The estimates of animal and vegetable nutrients in the waste are 
computed as below described, and those of potential energy (fuel 
value of nutritive ingredients) as explained in an earlier Report. 

Table 63 summarizes the results of the thirteen dietary studies 
which have been made by the Station. 


* See especially 17th Annual Report of the Massachusetts Bureau of Statistics of Labor 


PP. 239-329. 
+ Report of this Station, 1890, p. 174. 
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DIETARY OF THE STATION AGRICULTURIST’S FAMILY IN 


The family was as follows:— 


STORRS AGRICULTURAL EXPERIMENT STATION. ; 


WINTER. 7 
‘The study began January 15, 1893 and continued 30 days. 


Man (agriculturist), 32 years old, light work. 
Woman, 26 years old (assumed = .S of one man). 
Woman (servant), 35 years old (assumed = .8 of one man). 


The meals taken were equivalent to 274 meals, or g1 days for one man, 


Food Materials and Table and Kitchen Wastes in Dietary of the 
Station Agriculturist’s Family During Thirty Days. 





*1o0 grams = 3.5 ounces, or .22 pounds, 1 ounce = 





FooD MATERIALS, - 
“O 
© 
AY 

ANIMAL Foon. q 
Beef. 

- Sirloin, - - ~ AL Bee 
Round steak, - ros We ty be 
Shin, - - - =| F330 
Corned brisket, - > et aey 
Corned, canned, - - | 26.7 

Dotaly >< - - | — 

Mutton, Ete. 
Part of leg mutton, .- | 15:2 
Fore quarter lamb, » - | 14.7 
Total, - - - — 
Pork. 
Spare rib, - - - | 14.1 
Lard, - - - - — 
Salted, - - - 9 
diotal, - - — 
fish, Ete. 
Herring, — - - - | 10.0 
Cod. its - - - b 10:6 
Haddock, - - - S22 
Smelts, - - 3h FORD 
Flalibuts-, - ae tare VA 
Salmon, canned, - =} 20.9 
Oysters, - - - 6.3 
Ota Le ae - - — 





LABLEUS 4, 


SITION. 


PERCENTAGE COMPO- 





Fat. 





Carbo- 
hydrates. 














WEIGHTS USED. 


Total Food 
Materials. 





Grams.* 


10,860 
5,100 
2,240 
2,890 

540 


21,630 





799 
2,500 





3,290 


2,640 
2,040 
80 





4,760 


230 
840 
880 
740 
680 
450 
g1o 





4,730 


28.35 grams, 








a ee ee a ee Ae Se ee ee ee eee 

















Nutrients. 
; me 
S| ; ore 
‘o ws ees 
o) = wu 
& UB 
Grams. | Grams. | Grams. 
1,683 1,890} — 
go2 740 a 
305 31 er 
399 |) =800vl suas 
144 230] ==> 
3,430 | 3,796) — 
120 138 | — 
368 526.) 
488 663 — 
372 668 — 
— 2,036 — 
I 66 — 
373 | 2,770 pare 
23 14 — 
89 25) oe 
2 2 — 
74 A ay 
103 3 ae 
94 Os gare 
aij T5 36 
512 106} 36 
rt pound = 453.6 grams. 
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FooD MATERIALS. 





ANIMAL Foop.—/ Con. ) 
Dairy Products, Etc. : 
Milk, - : - - 
Cream, - “ - 
Butter, - - - 


‘otate- ‘+ : : 


Eggs, . = Pd 
Total animal food, - 
VEGETABLE Foop. 


Wheat flour (a), - 
Corn meal and samp, - 
Oat meal, - - - 
Wheat germs, - - 
Rice and macaroni, - 
(Crackers, “- - - 
Graham crackers, - 
Sugar, - gs 
Molasses, - - - 
Honey, - = - 
Dried beans, - - 
Potatoes (15 % refuse), 
Parsnips, - - - 
Squash (edible), - : 
Onions (edible), - - 
Turnips (edible), 
Apples (edible), - - 


Total vegetable food, 


Total animal and vege- 
table food purchased, 


Table and kitchen 
wastes (a), - - 


* 100 grams = 3.5 ounces, or .22 pounds. 


12 


WEIGHTS USED. 


ae aE SAR RES IO EE A NT ST AP TIE I POLS 1 SSPE OASIS CA SST 


PERCENTAGE COMPO- 






























































SITION. 
; gstel Nutrients, 
: wn On 

S NS ae 
g pie ot 19s gal gest d 68 
a bites kos iinbey eesscuse oy ey Wes 
— a Os So fx “'U 
ey x Cie 

% | aie Gea” Grams.* | Grams. | Grams. | Grams 
3.6; 4.0 4.7 | 23,760) 855 950 falar? 
2.5) 18, 4.1 500 13 O4 20 

$5.0 bolas 4,050. == 3,052 ao 
— — —- || 28,910]. 868] 4,996} 1,137 

E2:O0 10.5 — 1,930 243 202| — 
7 — =e | EOS) 26Ons Old 12/593! rere 
12.6 59) s UA 2c le serra 2 a3 159 | 13,148 
i.e oe Sana TOO 1,770 163 67! 1,480 
14.7 Tia a ek g60 I4I 68 657 
II.9 bog dae Fae 1,590 189 27 | 1,189 
74 4 79-4 540 40 = 429 
O38 ak seh a 00.0 1,560 145 204 | 1,076 
9:8 | 13.6) 69.7 450 44 61 314 
— — 100.0 | 10,770 | — —— PLO. G 
— — | 72.0 2,040 | — — 1,469 
8 — 77-9 680 5 — 462 
20.7 ON es ODA 370 7 7 223 
24 SE cid Je Oct ete 547 26 | 2,060 
1 | 10/2 3,250 42 a9 526 
9 2 10.1 4,900 44 10 495 
1.4 By 10.1 410 6 I 41 
2 2 8.2 1,gQ00 23 4 156 
3 4 15.9 7,710 23 30 | 1,227 
Lee a — 82,690 | 3,722 689 | 35,722 
— os —  |147,940| 9,636 | 13,222 | 36,895 
35.0 | 28.9 Sor 1,963 687 567 636 


























I Ounce = 28.35 grams. 


I pound = 453.6 grams. 
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Nutrients and Potential Energy in Food Purchased, Rejected, and 
Eaten in Dietary of an Agriculturist’s Family. 


an te Se ce eee Se ee 








> 

NUTRIENTS. 6 

vo 

= 

: — 

Foop MATERIALS. ¢ 60 "a 
Oo - AS se 
3 cis 3 
e Pa Roe 2 
a Ue ° 
a aw 

















Grams.*| Grams. | Gram. | Calories. 


For Family, 30 Days. 









































( Animal,-  -  - | 5,914] 12,533] 1,173| 145,010 | 
Weed surchaced) ane . alike ar 7 689 | 35,722 | 168,130 © 
Total, - - | 9,636 | 13,222 | 36,895 | 383,740 
Eee - - 616 556 — 7,700 
Waste : . Vegetable, - - 71 II 636 3,000 
L Total, - - 687 567 636 | 10,700 
| ( Animal, - = - | 5,298 | 11,977 | 1,173 '| 137,910 
Eoeaeenaliy eaten, 4 Vegetable, .- = 19,051 678 | 35,086 | 165,130 
"4 Sila 
Lor aie, - - | 8,949 | 12,655 | 36,259 | 303,040 


Per Man, Per Day. 
























































Animal, - : - 65 137 13 »590 
Food purchased, - Vegetable, : ‘i ae fe oe oo 
[gl otal, - - 106 145 405 3,450 
( Animal, - - - 6 6 — 80 
atin. & : | ae - - I ee 7 be 
Total, - - 7 6 ype et 
Animal, - - - 59 131 13 1,510 
Food actually eaten, Neretable yam ist gy ih 8 a __ 385 1,825 
Total, - - 99 139 398 3,335 

Percentages of Total Food Purchased. : 
| Animal, - : oF Oped 94.8 ZB: 46.4 
Food purchased, - Vegetable, = - - | 38.6 ae 96.8 . 53.6 
Total, = = TOG.O4! LOG, 00 ya aoGuss 100.0 
eee - - - 6.4 4.3 — 2.5 
Wastes | Vegetable, - - dare 1.7 9 
Lota] papeesee - 7 4.3 sa 3.4 
Animal, - - - | 55.0 90.6 3.2 43.9 
Food actually eaten, NESCent aa, Sa) eee oe 95-1 ie. 
{Saat Ofal, - 45} 92.9 95-7 98.3 96.6 








* 100 grams = 3.5 ounces, or .22 pounds. 1 ounce = 28.35 grams. 1 pound = 453.6 grams. 
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DIETARY OF A MASON’S FAMILY. 


The study began April 1, 1892, and continued twenty-eight days. The 
family (the same as in 6*) was as follows:— 

Man about 28 years old (mason), at work three of the four weeks. 

Woman of about same age (assumed = .8 of one man). 

Child 1 year old (assumed = .25 of one man). 

The meals taken were equivalent to 168 meals, or 56 days for one man. 


TABLE 55. 


food Materials and Table and Kitchen Wastes in Dretary of a 
Mason's Family during Twenty-eight Days. 

































































PERCENTAGE 
COMPOSITION. Sercrrs: USED: 
sd? Nutrients. 
Foop MATERIALS. a a aa 
= Soleo Sepa ; F 
2 = poeta ae g Gus 
Pawel recat re ots Ai ene 
Ay } 
aa a = = fy cs = 
ANIMAL Foop. % % G Gramet Grams. | Grams. |Gr’ms. 
Beef. ‘i 
Round steak, free from bone, | 19.0 | 13.6} — 1,900 | 361 258; — 
Shoulder clod, - - ig HN Ag Fa 8 Dk Ree Sp eS 2,130 362 292} — 
Shank, free from bone, hy Fay I NO ee a hE 450 102 I10o| — 
Shank, with bone, - et Se ela as ey re L980.) 7, 26g 28; — 
Bologna sausage, - a TOLOmLGso bi hee 950 77 150 2 
Total, - - - - | — — — Flo NT 275, 738 2 
Veal, 
Shoulder, - - - =“ 16:64" 8.7, (ea 2,000 | 532 174; — 
Pork. 
Chops, - = - Se Ay Tei 285 Wek 2,760 389 698 | — 
Shoulder, - - - |13.5|30.4| — 2,070 279 629; — 
Pigs’ feet, pickled, - - | 10.7} 10.1} — 1,930} 207] I95/ — 
Sausage, - - = oe 8 er Oy Bs 500 61 212 6 
Salt pork, - A - a .g| 82.8]; — 1,390 TAI URIS YE tea 
Lard. <- e - - -{ — |99.8] —- 710 | — 708 | — 
DI I a de et ee a 9,360} 948 | 3,593 6 
POSE Lets: 
Canned salmon, - = - | 20.9/ 13.9} — T,400 293 LO 5M Ro 
Fresh cod, - = - ~ |. 10.6 ae —_ 450 48 I “= 
Salt cod, - - - - | 16.0 4) — 450 i: 2; — 
Sardines and anchovies, - | 25.3 | 12.7; — gIo 230 116; — 
Total, - - - -| — — — 3,210 643 314, — 














* Report of this Station, 1892, pp. 158-161. 
+ 100 grams = 3.5 ounces, or .22 pounds. 1 ounce = 28.35 grams. 1 pound = 453-6 grams, 
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TABLE 


55.—( Continued, ) 


STORRS AGRICULTURAL EXPERIMENT STATIGN, 








ee aN a ee OO ION ERUSISESNONDSSISSSSS SS Sc 


Foop MATERIALS. 





ANIMAL Foop.—( Con?’d. ) | 


Dairy Products, Etc. 


Whole milk (a), 
Skim milk (a), - 
Butter, - - 
Cheese, - = 
Total, - - 
Eggs, 5 x < 


Total animal food, 


VEGETABLE FOOD. 


Wheat flour (a), 
Rye flour (a), - 
Buckwheat (a), - 
Oatmeal, - ‘ 
Starches, - - 
Milk crackers, - 
Cookies, - - 
Sugar, - - 
Canned corn, - 
Potatoes (15 % Bee: 
Turnips (30 % eae 
Raisins, = 


Total vegetable food, 2 
Total animal and vegetable 


food, .- 


Table and kitchen wastes (a), 








PERCENTAGE 
COMPOSITION. 
natty iy ae 
Ceniy aoee esac 
Se ay ao 
Ay oe 
% % %o 
aor wd. O 5.1 
2.4 OS NAc 
ae i) BS ..0019 a 
2310 N35 .8 0 Bul 
12,05) LO, 5.1) = 
13,0 se RL 
Sa Lr Os 7a 
ae WE TOUR seh 
15.27) ) 7.0: 208.7 
— | — | 97.8 
9.3 | 13.1 | 69.2 
8.3°1°40,8 15726 
— — 100.0 
2.0 Me dig hee. 
ar Se ee) 
2 ot BO. 
2.9 Tos hie 1 9 
16.8 | 25.7 | 52.6 











WEIGHTS USED. 




















Nutrients. 















































Co ice 
$a 
omer 
gs | 8 Ss ae 
os | so. | eae 
F Ay = 
*Grams. | Grams. | Grams. | Grams 
17,320| 658 693 883 
25,230| 606 701 biog 
I,590 a 1,352 em 
far KO Wet ee 3 215 13 
44,750) 1,435 | 2,336 | 1,930 
4,550| °573.): 47am 
71,280| 5,402 | 7,633 | 1,938 
5,410) 703 43 | 3,971 
2,350| 207 24) 1.625 
240 17 2 176 
140 21 10 96 
850, —. | — 831 
1,870] 174} 245 | 1,294 
1,120 93 | .121 645 
5480) Sie aoe 5,480 
1,280 38 17 ih B84 
15,440| 324 15 | 2,764 
1,140 14 2 93 
1,470 40 10 | 1,103 
36,790) 1,631 489 | 18,561 





108,070] 7,033 | 8,122 | 20,499 


1,873, 315| 481] 985 





* 100 grams = 3.5 ounces, or .22 pounds. 


I ounce = 28.35 grams. 


1 pound = 453.6 grams. 
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Z TABLE 56, 
| Nutrients and Potential Energy in Food Purchased, Rejected, and 
Laten in Dietary of a Mason's Family, 




































































NUTRIENTS, 53 
q 
eal 
Foop MATERIALS, es iw = 
aS ov aS 
S fy ao'| 3g 
aw Oe A 
For Family 28 Days Grams.*| Grams, eee Calories. 
( Animal, - es - | 5,402 | 7,633} 1,938} 101,080 
Food purchased, - 4 Vegetable, - = |\1,631 489 | 18,561 87.335 
mt Dene oe 
eek otal, \ = - - | 7,033 | 8,122 | 20,499 | 188,415 
[ Animal, 2 - : 228) Ane ho — 5,165 
Waste, "2. -- 4 Vegetable, - - 87 26 985 4,635 
cf ees 
ie Sed Ota le = : = 315 | 481 985 9, 800 
(Animal, -  - = - | 5,174} 7,178 1,938] 95,915 
Food actually eaten, y Vegetable, fi "| 1/544 | 463 | 17,576) 82,700 
. = EreuayoeeY 
. ee Lotal.-% 2 = Oe7 181.7, 041 (10,814 (178.068 


Per Man, Per Day. 



































( Animal, - - “ : 96 136 35 1,805 

Food purchased, d pcasiaple, ; ; 42 ‘ a 2 nee 

L pLOtalye-. ( -. a yee teane tae 366| 3,365 

! ( Animal, - - - 4 8}; — go 

Waste i J Vegetable, es z 2; — ‘ 18 erik kd 

MET ae) Sse ya ee eee 8 18 175 
| ( Animal, - aN yile g2 128 35 1,715 
| Food actually eaten, , peeeaile, 4 ee 3 ns aS poment 
otal 1 = = 119 137 348 3,190 





Percentages of Total Food Purchased. 





























. (rAnimal, “- - =P 96,8 12 O46 9.5 53.6 
Rood purchased, Vegetable, - - |! 23.2 MoH 90.5 area) 

eee otal, %- - - ; 100.0 | 100.0} 100.0 100.0 

‘A Animal, - - - 3.2 5.6 — we 

Waste,“ ‘ 4 Vegetable, = * oy) ae " 4.8 pees 

: ‘Lotal;. - - ~daecaid 5.9 4.8 5.2 

{ Animal, - : = | .73.6')* 88.4 9.5 50.9 

Food actually eaten, pe ecian ls hy ape oh 7 i va prea 

| Total, - : eee OAc x 95.2 94.8 

















* 100 grams = 3.5 ounces, or .22 pounds, 1 ounce = 28.35 grams. 1 pound = 453.6 grams. 
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DIETARY OF A CARPENTER’S FAMILY. 


The study began April 29, 1893, and continued: 28 days. The family (the 
same as in No. 8*) was as follows:— ; 


Man (carpenter) about 35 years old, at work. 

Woman of about same age (assumed = .8 of one man). 

Boy about 11 years old (assumed = .7 of one man). 

The meals taken were equivalent to 210 meals, or 70 days for one man. 


TABLE 57; 
Food Materials and Table and Kitchen Wastes in Dietary of @ 
Carpenter's Family during Twenty-eight Days. 




























































































PERCENTAGE CoM- 
BR et ike) WEIGHTS USED. 
| : “e Nutrients. 
Foop MATERIALS. 2 yi ge 
4 = ou ean z ' ni 
3 = * © is f gs 
; = + Oo ne {0} 
oa ers Ce Y (a0) ar 
pH rd os 2 fe gs 
oe ohn bee ee: 
ANIMAL FOOD. q % % Grams.+ | Grams. | Grams. | Grams. 
Beez. 
Sirloin, - - SALTER AEF AL 5,760 803.) 1;002 77 
Cooked and canned, - | 26.7 | 17.1 — 2,440 652 417| — 
Corned rump, - Shes 5) 8.6 — 1,390 232 120| — 
Rump, - - Pe thy et Pa ee — 1,980 271 616.) == 
Liver, - - - = BORL 544 03.5 1,460 204 79 51 
Dried beef, - - - | 28.8 And? tisha 60 17 3 I 
Total, i a 7 elles sine Beat 13,090 | 2,359 2,237 52 
Pork. | 
Salted, - - - Ra eee s — 570 5 472| — 
Ham, - - - oP) MAS O A B4cD — 2,880 426 9060 ta 
Bardi - - - — 99.8 —_ 1,560 — 1,557 
Total, - - | — —_— 5,010 A3L 113,025 4) tee 
Fish, Ete, 
Salt cod, - - - | 10.6 wy — 1,160 yee 2); — 
Canned salmon, - = hO20,0 OLS, Om «a 1,400 293 1954 ee 
Canned clams, - = LTOs4 Bees He 470 49 4 14 
Rotals oom Wer neat ties rene — — 3,030 | 465}| 201 14. 
Dairy Products, Ete. 
Whole milk (a), - ° 3.6 3.8° 1.352" 1. 18,600 562] 593] 499 
Skim milk (a), - 3 2.4 Ba tea ie tee 31,070 745 31 | 1,585. 
Butter, - - Ss ee 85.0 4 oa 1,570] >) “9335 qe 
Cheese, - - ase 285 Or tase. 3 Lae Bh 160 45 57 x 
‘Total, => - - —_— i — — 48,400 | 1,352 | 2,016 | 2,087 
Begs) <2) wee ie aD LOS a ee 3,390 1 4271 2G 6tr ieaees 














Total animal food, — — — 72,920 | 5,034 | 7,835 | 2,153 





* Report of this Station for 1892, page 158. 
+ 100 grams = 3.5 ounces, or .22 pounds. 1 ounce = 28.35 grams. I pound = 453.6 grams. 
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TABLE 57.—( Continued. ) 


| 
PERCENTAGE Com- 


SED, 
POSITION. NAg Seu ee 





Nutrients. 


hydrates. 
Total Food 
Materials. 
Carbo- 
hydrates. 


Protein. 
Fat; 


S 
pet) 
: 
n 


Grams.* 





Beetiourfa), - 2,180 | 240 
Rex wheat (a), 74.5 140 16 
> Starch, etc.,.. 97.8 IIo | — 
Wheat bread, EGON LATO 
mecake, «- - 4,090 340 
rs, , 
ie Crackers, - - . 1,130 
Sugar, - = ; 980 — 
_ Potatoes (15 % refuse), 2, 33,110 695 
. _ Spinach, ee: ; | 1,010 2. 
Canned squash, 1,020 Ps 
Canned peas, - 770 32 
Dried apricots, - : 230 5 


H 
HO 
Ow 
ae) 


g 








toe Total vegetable food, | 62,180 | 3,049 


Total animal and vege- 
table food, - - 135,100 | 8,083 


ri Table and kitchen 
wastes (a), - Peo it bas Tee fc 326 





I pound = 453.6 grams. 





184 


TABLE 58. 


Nutrients and Potential Energy in Food Purchased, Rejected, and 
Eaten in Dietary of a Carpenter's Family. | 


STORRS AGRICULTURAL EXPERIMENT STATION. 








Foop MATERIALS. 


For Family, 28 Days. 


( Animal, - 
Food purchased, Vegetable, 
Total, - 
Animal, - 

Waste, - : Vegetable, 
Total, - 
Animal, - 
V 


Food actually eaten, egetable, 


wid Otalete 


Per Man, Per Day. 
( Animal, - 

| Vegetable, 
Total, 


xe 
tad 
( Animal, - 
j 4 Vegetable, 
| 


Food purchased, 


Waste, - - 


yer Otel iis 
Animal, - 


' 
Food actually eaten, 1 Va, 


| Total, - 























Percentages of Total Food Purchased. 


( Animal, - 
Food purchased, é . Vegetable, 
| 
Lee otal am 
( Animal, - 
| 
Waste, - ns 3 Vegetable, 
et Potal c= 
( Animal, - 
Food actually eaten, Vegetable, 


be otal are 


*rloo grams=3.5 ounces, or .22 pounds. 



























































Potential Energy. 


102, 330 
III,550 





243,880 
2,900 
3,450 


— 6,350 


99,430 
108,100 


207,530 





1,460 
1,595. 


1 ape | 
1.6 





370 


, 40.4 
50.6 


—— 





97.0 


NUTRIENTS. 

a je lapa 

o Cee pe 

Grams.*| Grams.| Grams 
-. = | 5,034 1\7,835 82,153 
ss - | 3,049 Q42 | 22,021 
a z 8,083 OT 79 24,174 
- - 200 210 — 
- ; 94 29 681 
- - 326 23071 (GS4 
fe a 4,802 7,025 2,153 
* =~ 2,955 g13 | 21,340 
oe) 9 75) 8,538 eens 
- - Pies 112 31 
= : 43 13 345 
r - 115 125 346 
= *y 3 3 = 
- - 1| — IO 
. : 4 3 Io 
. : 69 109 31 
; = 42 13 305 
- - rt 122 336 
- it OS Bh Sons 8.8 
Me ee Aree eas) gI.2 
- - | 100.0 | 100.0} 100.0 
- - 3.6 2.4 —_ 
- - 1.5 3 1.4 
- - 5.1 or 1.4 
- =} 50.71 O08 8.8 
Z sats Fae LS a sh 89.8 
moe Pesce v percent 1h! ae 


I ounce==28.35 grams. 


I pound =453.6 grams. 
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DIETARY OF A COLLEGE CLUB. 


The study began April 13, 1893, and continued 28 days. 
The family was as follows:— 
Twenty-seven students in college (2,154 meals). 


Two women at moderate exercise (each assumed = .8 of one man), 

Two servants (each assumed = .8 of one man). 

The meals taken were equivalent to 2,421 meals, or 807 days for one man. 
TABLE 59. ; 


food Materials and Table and Kitchen Wastes in Dietary of a College Club 
' During Twenty-eight Days. 




































































PERCENTAGE Com- WEIGHTS USED. 
POSITION. 
42] Nutrients. 
FooD MATERIALS. 3 si 9g £ Fe . ¢ 6% 
8} eyt SP ee es aly ete = a | us 
A Sie tee ee Rs ze O & 
ANIMAL Foon. % % % *Grams. | Grams. | Grams. | Grams. 
Beef. 0 0 (a) . 
Sirloin (a), - - =e LO: 0-15.19 |= es Sg son GAT O N06. 09 1 
Ribs (a), - - r).14.0 P25 9 omik 21.830) 63.87 eh Raa | ree 
Shoulder clod, - = E720 13.7 ee kd 000s. 2 386 bk O18 ere 
Shoulder clod free from | 
bene (a),  - - = 20.071) (Osg aaev 5295030. teed ad he oO |e 
Rump, - - - au Gg 32 Fy Bl ac —- 7, E20 975 2o2T Aa aes 
‘Round steak (a), - $0 764-| 10.6 | ot 18290 eg 9s) eB O20 1 pee 
Corned rump (a), - oi TGP PL 2ET, = AIA SO ae aa loth OL nga 
Canned, corned, - - | 26.7] 17.1 | —- 1,810 483 310} — 
Liver, - = : SP eC eh Meenas 1,470 295 79 51 
Dried beef, - 8 see ZO, Get ubud Wa ed 880 253 39 12 
Total, - - -| — STs 301780 (24,483, | og 23g 63 
Veal, ' 
Shoulder (a), . eo 458 L159 |) Sk Sa STO 674-4 1.346 ee 
Loin (a), - - pin ta-O 15:5) 10-7 ghd, OLO Wen, Oooina: 2 el rob ae 
Cutlets (a./, - a - | 20.2/| 10.1 | —- 9,580] 1,935 968 | — 
Total, - - Duero pe ad SOO aS FOG hii 4 Aga 
Mutton. 
CHOns- (ay). i. - - =P 23+7 1 28:0 | sy I 2504p O7e I aac mer 
Leg (a), , . = P5951) 19.3) Set LOA 2,435 1 S032 He 
Loin (a), - : - | 12.6 | 29.5 | —- 4,280 539 | 1,263) 4— 
Total, - = Pop RET Be el ap eames Ob ay (utes OR IihS =r 
Pork. 
Flam;> .°- “ - | 14.8 | 34.6 | — 17,580 | 2,602 6,083 | — 
Salt, - > : - As Bes Pio es iee 850 8 704| — 
a Sausage (a), - - of LQG ATO 9 8,700 | 1,053 | 3,619 78 
Chops: - . -| 14.1 | 25.3 | — 3,520 496 891; — 
Lard (a/, - - Spc Lit Qs 0] a nee dass ies J0,079 
Total, - - -| = ot ro ee OO BON da 150.1 AT, 367 78 
Fowl (a), . . -/| I1.2} 7.2 | — 8,590 962 618 | — 
Fish, ete. 
Oysters, - - a SO. 3b  TeOdaeg 4,760 300 76 190 
Haddock, : - has. 2 Bh ara 3,300 271 7; — 
Praneemceote | 9.2) 4.8) = oa oto 277 144 
Shad roe, - - ait 20: O.\> 3, OneCare 540 113 21 14 
Salt cod, “ sr TO.0 .2| — 540 57 Dies 
Canned salmon (a), + | 23.4) 9. Aue MeO O40.) ay a56 810; — 
Total, - & 2 a ines [ey 21,790 3,274 T,059 20 
Datry Products, ete. 
Milk(a), - - -| 3.4] 4.6] 4.7 | 371,260 | 12,623 | 17,078 | 17,449 
Butter (a7. | ~ - a tomes me hea an AG a Aorsey eee 





~ é) 4, 
* 100 grams = 3.5 ounces, or .22 pounds. ' I ounce = 28.35 grams. 1 pound = 453.6 grams. 
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TABLE 59.—( Continued. ) 


STORRS AGRICULTURAL EXPERIMENT STATION. 








Foop MATERIALS. 


Cheese, - l - - 


Total, - - =| 
Egos <- : s eh 


Total animal food, - 
VEGETABLE FOOD. 
Bread flour (a), + + - 


Pastry flour (a), - - | 
Corn meal. ‘2: 2 «| 


Graham flour, = : 
Oat meal (a), - - 


Bread, - - - - | 


Ceraline (a), - - - 


Wheatlet (a), “ - 
Rex wheat (a), .- ad 
Hominy, - - ate 


Rice, - = & - 
Starch,.*- = - < 
Crackers, - = - 


Nonesuch mince meat (a) | 


Sugar, - . - 3 


Molasses, ‘= 2 ed 
Dried beans (a), - ~ | 


Onions (10 % refuse), - 


Cabbage (edible), - - | 
Potatoes (30 % refuse), -| 
Oranges and lemons, -. 
Bananas (edible), - =| 


Pine apple (edible), 2 


Evaporated apples, etc., - | 


Raisins, - . - a 
Canned raspberries, cher- 

ries, peaches, etc., - 
Canned asparagus, - - 
Canned-corn: (27 = - 
Canned tomatoes, - = 
Canned squash (a), - 
Canned string beans, - 
Lima beans (a), - - 
Canned peas (2), - - 


Total vegetable food, - 
Total animal and vege- 
table food purchased, 
Table&Kitchen Wastes (a 
No. 387, - ~ - 
No. 391, - - - 
No. 394, fee Le 
No. 401, = - - 
No. 404, bens Oe 
No. 408, - x - 
No. 410, - E - 
No. 411, - - - 
Fat, " 7 s - 


Total, - 2 - 


| 
PERCENTAGE Com- 





















































WercutTs USED. 
POSITION. 
ash A Nutrients, 
q 1g rq . - 
Oar aes: ay Sis = Ry ao 
ay reo Le OB 
% % % *Grams. |Grams.| Grams. | Grams. 
28.0 | 35.3 | 2.1 480 134 169 10 
-—— |. =| ee | 419, 280) 12,757) 50,550) kee 
12-0. | Osa hes 37,310| 4,701) §3,980)5 =—— 
—- |.—— | —— | 754,270/60,324| 140,908) 517,604 
12.3| .7| 74.6| 117,230) 14,419 821) 87,454 
10.1 | .9/ 75-7] 44,450) 4,489 400} 33,648 
9.2 | 3.8 | 70.6 2,470; 227 94, 1,744 
ELST Haley Len 8,020 938 136} 5,750 
13.4 | 6.7 4.70.2)" 10,750) \1.44r 720| 7,547 
6: 14.4 ft ,Oc- Ro 1,360 124 22 762 
(8 O41 Se Ee Onl Face 3,010 283 30| 2,366 
12.3) 1.4 | 75.0 3,030 313 42) 2,273 
11.4] 2.1 | 74-5 3,630} 414 76) 2,704 
8.3 4) 77.4 2,440 203 10} > 1,889 
TAN 2470-4 1,700| "130 7| 1,397 
bay mites 3,660) “= rer 3.579 
| 9-3 | 13.1 | 69.2 5,670 527 743) 3,924 
AsO 2h ow tat 2,610 104 57| 1,759 
| —— | —— }100.0| 70,960). -— — 70,960 
—+ i} —— | 7250 6,410) — — 4,615 
2th is As 5 3,630 Fie 1G) 69) 2,080 
LA 33 dest 2,140 30 6 216 
rs, Ra 1,810 27 4 83 
ame fj 17.0 4 360,240). 3-401 166] 29,757 
1.0 mis Pers a4. 710 347 312) \2 505 
£44 ied) 20; 13,580 190 Ig0| 4,047 
ohms PBs OF 4,420 18 13 429 
iy) .8 | 68.3 4,650 60 371) 22,0 
2:7 wigs MA ese) 2,670 72 19] 3 ayor2 
I.I Boe te Say 8 27,950 307 224| °3,186 
1.8 WER Bee 3,970 71 8 131 
3-0.) aL 22 Eso 6,970 209 84} 1,526 
1.0 ee Es Fes I1I,030 110 22 364 
Eee ASAE Baie ate) 2,440 aa | i 242 
4.1 “5 | 13:5 71,980 327 40) 1,077 
4.5,)" ($4 217-0 5,790] 261 29 984 
4.1 pie aa 12,220 501 61} 1,405 
—- | ——,|.—— | 599,660] 30,497| . 4,454) 285,867 
—- | -— | —— |1,353,930] 90,821) 145,362) 303,671 
23:0 1 24 2004880 6,516] 1,538) 1,57 7a 
25.8 | 32.0 | 37.3 7,543] 1,946]. 2,414) 2,814 
23:57) 32.2") 40.2 8,206] 1,928} 2,642} 3,299 
25.0 | 30.3 | 40.2 6,912) 1,728) 2,094). 2,799 
ZO 29.97). 3 700 7,873) 2,291). -2,354\s2;080 
26.5 | 34.0 | 36.2 8,188) 2,169) 2,789) gee 
24.7 | 33.1 | 37.6 7,541| 1,863], 2,496] 2,835 — 
23.7 | 36.0 | 36.3 9,994} 2,369} 3,598) 3,628 
SM Pea ete 12,080 a 12,080 capers 
—- | -— ! -= |} 74,850) 15,832] 32,038! 24,367 




















* 100 grams = 3.5 ounces, or 


-22 pounds, 1 ounce = 28.35 grams. 1 pound = 453.6 grams. __ i 
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Nutrients and Potential Energy in Food Purchased, Rejected, and 
Laten in Dietary of a College Club. 








Foop MATERIALS. 





Animal, - 
Food purchased, Vegetable, ‘ 

Total, - 2 
Animal, - E 
Vegetable, i 


Total, - - 
Animal, - A 
Vegetable, - 


a an = 


Food actually eaten, < 


L 
Per Man, Per Day. 


Rb Otal,. 2 - 


( Animal, - - 
| Vegetable, — - 


Food purchased, 4 


Total, - 
Mimal, = a 


A 
Vegetable, - 


4 


Waste,- —- 


Total, - - 
Animal, - 2 


Food actually eaten, Vegetable, . 


| 
* 
l 
| 
} 
brow Oral, - 


Percentages of Total Food Purchased. 
3 ( Animal, - - 
Food purchased, Ee 3 
Total, - - 
Animal, - 
Wiaciout Vegetable, 
otal, < - 
Animal, - - 
Vegetable, - 


f 
-{ 
| 


Food actually eaten, 
PEOtai es 













































































NUTRIENTS. ro 

eg 

oO 

a 

: ca) 

. n =a 

4 : 9 8 Ae 

oO ar QS HE, 

6 fe is 5 

a Ce 2 
Gani Grams. Grams. Mi Calories. 
60,324 | 140,908 | 17,804 | 1,630,770 
30,497 | 4,454 | 285,867 | 1,338,515 
90,821 | 145,362 | 303,671'| 2,969,285 
13,232 | 31,658 mat 348,670 
2,600 380 | 24,367 114,100 
15,832 | 32,038] 24,367] 462,770 
47,092 | 109,258 | 17,804 | 1,282,100 
27,897 | 4,074 | 261,500 | 1,224,415 
74,989 | 113,324 | 279,304 | 2,506,515 
a 174 22 2,020 
38 6 354 1,660 
113 180 376 3,680 
16 39 aris 430 
3 wae 4 NEGO 140 
19 39 30 570 
ay By 135 22 T,590 
35 321 1,520 
92 141 343 3,110 
66.4 96.9 5-9 54.9 
33.6 ~ 3.1 g4.1 45.1 
100.0 100.0 100.0 100.0 
14.6 alee — bi Gay 
2.9 S 8.0 3.8 
eee 22.1 8.0 15.5 
51.8 75.1 5-9 43.2 
30.7 2.8 86.1 41:3 
82.5 77-9 92.0 84.5 














*100 grams = 3.5 ounces, or .22 pounds. 





I Ounce = 28.35 grams. 


1 pound = 453.6 grams. 


188 STORRS AGRICULTURAL EXPERIMENT STATION. , 


DIETARY OF THE STATION AGRICULTURIST’S FAMILY IN 
SUMMER. 
The study began July 7, 1893 and continued 31 days. 
The family was the same as in the previous dietary, (page 176) except that 
the servant was away and a child 1 year old was included in the dietary. 


The meals taken were equivalent to 171 meals, or 57 days for one man. 


LABLEUOI | 
food Materials and Table and Kitchen Wastes in Dietary of the 
Station Agriculturist’s Family During Thirty Days. 













































































PERCENTAGE COMPO- ; : 
ae WEIGHTS USED. 
tl (ack Nutrients. 
FooD MATERIALS. a 3 § Sia - 
is und Lrotecen gh : $2 
e Gry anit Sear pe A s |2s 
ae as os i) cm ou 
> ES OB 
ANIMAL Foop, % % % Grams.* | Grams. | Grams. | Grams 
Beef. | . 
Rib, - - - Sr Lo 2 Ppa — | 4,220 515 |1,177| — 
Shin, - - . - | 13.6 1.4 = 680 g2 10}. = 
Round steak, = - se TS.On eho — go 16 | rj — 
Sirloin, - - - | 15.0 16.4 — 450 68 74) — 
Shoulder, - - SET. O te — 1,270 216 174 | ieee 
Canned tongue, - Johy 20.77 7.1 << 680 182 116; — 
Tripe, - - ol? (13.0 1.8 i 590 82 Ir} o— 
Votaly >. = - - — —. ioe 7,980 | I,17I | 1,573] — 
Veal. 
Steak, - - ~\} 20.2 10.1 — 1,040 210 105 | — 
Loin, - aie - | 14.6 15.5 a= 820 120 127; — 
Liver, - = - | 20.1 5.4 3.5 1,410 283 76} 49 
iHeart, - - “tly eo Ons 26. — 320 52 84} — 
Langue," = - Par ee ye | 18.0 — 270 47 49; — 
Total; ." - - : — — es 3,860 712 44t 49 
Lambo, 
Fore quarter, = - | 18,1 25.8 ee 1,810 328 467); — 
Pork. 
Ham, - - = = tear 0,7 39.1 ot 320 53 125; — 
Chops, - - Oh tA. T on — 320 45 81}; — 
Pork, salted, - - 9 82.8 — 680 6 563; — 
Lard, - - - —f o— 99.8 cr 180 = 180 |. == 
Olas es - -| = val ee 1,500 104 949; — 
Poultry, 
Chicken, - 4 =p 1 aT i:2 — 1,180 178 I4| —- 











* too grams = 3.5 ounces, or .22 pounds. 1 ounce = 28.35 grams. 1 pound = 453.6 grams. 
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TABLE 61.—( Continued. ) 








Foop MATERIALS. 


Tish. Lic. 


Blue fish, - 2 a 
Sword fish, - s e 
Weak fish, - - i 


Total; = - = 
Dairy Products. 


Milk, - - sf : 
Cream, 3 ‘ “ 
Butter, % ¥ e 


Cheese, - “ 


TOL. sc - bs 
Eggs, “ - ~ 
Vegetable Foods, 
EPiour (ay; - : - 
Corn meal, - - - 
Oat meal, - : . 
Wheat, - : = 
Rice and macaroni,’ - 
Sugar, - - - 
Molasses, - - - 
Beets (edible), - - 
Onions (edible), - : 
Peas (edible), — - - 
String beans (edible), - 
Cauliflower (edible), - 
Dried beans, - ~ 
Squash (edible), - - 
Potatoes (15 % refuse), - 
Lettuce (edible), - - 
Cucumber (edible), - 
Green corn (edible), - 
Water melon (pulp), - 
Musk melon, S - 
Strawberries and rasp- 

berries, - = - 
Whortleberries, - = 
Bananas (pulp), - - 
Tomato (pulp), - - 
Apple (pulp), - - 


‘Totals 4 = = = 
Total animal and vege- 
table f@ods purchased, 


Table & kitchen wastes, a@| 33.4 


PERCENTAGE COMPO- 
































SITION, 
. 1 n 
q : ee 
2B is eee 
S i 
oo en 
% fo h 
9.8 6 — 
15.1 4.4 ee: 
8.4 ee — 
3.6 4.0 4.7 
2.5 10203 4.1 
— 85.0 — 
Za. 1 * 35.3. bs. eer 
£2.60 (32055 — 
Dock 9 732 
9.2 3.8 70.6 
14.7 7e0 68.4 
11.9 £7 74.8 
7-4 a 79-4 
— _ 100.0 
— — 72.0 
Te .I 4.5 
red ae 10.1 
4.4 5 16.1 
Paw 4 9.5 
1.6 8 5.0 
20.7 1.8 60.4 
9 a 10.1 
237 aT 17.9 
1.6 5 a? 
8 a) one 
2.8 Tok 14.2, 
9 Gy 6.2 
1.4 2 20.5 
1.0 27 6.9 
7 3.0 13.5 
4 1.4 29.8 
8 A 2.5 
3 4 15.9 
39.4 23-4 

















WEIGHTS USED. 





Total Food 
Materials. 








Grams.* 


gio 
320 
820 


2,050 





44,720 
500 
2,590 
540 
48,350 
3,130 


10,620 
270 
1,680 
1,500 
779° 
8,210 
540 
680 
1,320 
2,540 
540 
77° 
730 

I, 320 
13,690 
230 
410 
540 
6,940 
450 


3,860 

770 
1,000 
1,770 
2,770 


63,920 


133,780 
799 









































Nutrients. 

: Wn 
= ‘ ou 
8 ra eat 
mbes ie 
ae - 

Grams.| Grams. | Grams. 

89 5 ee 

48 TAs 

69 9 = 
206 28 —s 

1,610 | 1,789 | 2,102 

13 94 20 
— 2,202 =" 
I51 Igt pig 

1,774 | 4,270 | 2,133 
394 320 |Coo— 
T,391 96+ 7,774 

25 Io Igl 
247 IIlg; 1,149 
179 26 |. Tense 

57 3 611 
eas — 8,210 
os = 389 

7 I 31 

oe 4| 133 
112 13 409 

12 2 BI 

12 6 39 
151 13 441 

[2 3 133 
287 TA7hacds7 

4 I 9 

3 I IO 

15 6 77 
62 49 430 

6 a g2 

39 27 266 

5 23 104 

Iq I4 298 
“a 7 44 

8 iit 440 
2,680 | 450 | 24,904 
7,547 | 8,527 | 27,086 
267 315 187 








* 100 grams = 3.5 ounces, or .22 pounds. 


I ounce = 28.35 grams. 


r pound = 453.6 grams. 


Igo 


TABLE 62. 
Nutrients and Potential Energy tn Food Purchased, Rejected, and 


STORRS AGRICULTURAL EXPERIMENT STATION. 


X 





Laten in Dietary of an Agriculturist's Family. 








FoopD MATERIALS. 








Animal, - 
Food purchased, - Vegetable, 
Total, 

Animal, - 

Waste, - f pein emetapies 
Total, 
Animal, - 
Vegetable, 


| 
j 


Food actually eaten, 
; L Total, 


Per Man, Per Day. 


( Animal, - 

Food purchased, - J Vegetable, 
Total, 
Animal, - 
Waste, - é “ Vegetable, 
‘Total, 
nimal, - 


A 
Food actually eaten, Vegetable, 


=e “= \f = =a \/ cme 


Total, 


Percentages of Total Food Purchased, 


( Animal, - 

Food purchased, - Vegetable, 
Total, 

Animal, - 

M Vegetable, 
l Total, 
( Animal, - 
4 V 


Waste, - P 


Food actually eaten, egetable, 


‘botal, 





* 100 grams = 3.5 ounces, or .22 pounds. 











































































































NUTRIENTS. 

; ie i 

3 | ¢ | 8s 

Ye) cs Sg 

do dl gare 
Grams* | Grams.| Grams. 
4,867 |)8;077 | 22162 
2,680 | 450} 24,904 
7,547 | 8,527 | 27,086 

247 | 312 ve 
20 3 187 
267 315 187 
4,620 | 7,765 2,182 
2,660} 447) 24,717 
7,280'1 8,212] -26,809 
86 142 38 
47 8 437 
133 150 475 

4 5 rT 
+5 ia 3 
4 5 3 
82 137 38 
47 8 434 
129 145 472 
64.5 94.7 8.1 
35-5 Si) gI.g 
T00.0 | 100.0 100.0 

3-3 Bay 7 
gO Ghee ceeas Ke 
3.6 3.74 Og, 
O12 {oro 8.1 
35.2 5.3 gI.2 
96.4 | 96.3 99-3 





I ounce = 28.35 grams. 


f 


Potential Energy. 








Calories. 
104,015 
117,250 





221,295 
3,915 
875 
4,790 
100, 100 
116,405 


216,505 


1,825 
2,060 
3,885 
70 

15 
$e 
1,755 
2,045 
3,800 


47.0 
53.0° 


100.0 
rs 


4 


2.2 


45.2 
52.6 


97.8 


1 pound = 453.6 grams. 
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TABLE 63. 


per Man, per Day. 


IgI 


5 Summary of Results of Dietary Studies made by Station. Food 








2 E Purchased, - 2 - 
a Food, Waste, - : = c 
co Eaten, > i : 
- 2. Dietary of a Chemist's Family.* 


Food purchased, t - 


3. Dietary of a Jeweler’s Family.§ 


Purchased, 
_ Food, Waste, - 
Haten)."-- 


DIETARIES, 


- 


I. Dietary of a Boarding House.* 


4. Dietary of a Blacksmiths Family.§ 


Purchased, 
Food, Waste, - 
Eaten, - 


Purchased, 
Food, Waste, - 
Eaten, . - 


Two Dietaries of a Mason's Family.§ 


6. December, 1892.: 

Purchased, 

Food, Waste, - 
Eaten, 9 °4 

10. May, 1893. 
Purchased, 

Food, Waste, - - 
Eaten, - 


s 


5. Dietary of a Machinist's Family.§ 


Average of © and ro. 


Purchased, — 
Food, Waste, —- 
Eaten, - 


7. Dietary of a Carpenter's Family.§ 


Purchaséd, 
Food, Waste, - 
Eaten, - 




















NUTRIENTS. 
S 6 ¢ 
oO - QA oo 
io) om ao 
ve) eyes 
py a 





Grams? | Grams. | Grams. 


126 188 426 
23 36 25 


103 E52). u AOL 





118 103 430 


gI 126 483 | 


8 9 5 
a Gilet lg Ae hr ai) 


103 176 408 
3 5 7 
100 by 401 





100 ESQch 42% 
6 
99 156 421 


167 L53) pi s3OL 
104 | 148 | 375 





125 145 366 
8 


11g | 137 | 348 





116 49 379 
rs 143 362 
125 152 498 


II 17 Pe 
114! 135] 475 











| 








Potential Energy. 





|Calories 


4,010 
520 
3,490 


51216 


3,530 
140 


3,390 


3,730 
go 
3,640 


2,640 
60 
3,580 


3,470 
120 


3,350 


3,365 
175 
3,190 


3,420 
150 
3,270 


3,970 
300 


3,070 
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TABLE 63.—( Continued. ) 








NUTRIENTS. a 

. 4 pa 

oO 

< 

A ica) 

. Ww — 
DIETARIES. ¢ . 3 9 = 
vo far} Ear.) ~ 
~ ee | 
cs Ob) & 
= o 

















Two Dietaries of a Carpenter's Family, §  |Gramst | Grams. | Grams. |Calories 
8. November, 1892. 

















Purchased, ~ : - - 107 161 408 | 3,610 

Food, Waste, - - - - - - 7 12 20 220 
Eaten - - - - - - 100 149 388 | 3,390 

11. May, 1893. ; 

Purchased, rs < - - - 115 125 346 | 3,055 

Food, Waste, - - - : : ¢ 4 3 10 go 
Eaten, = - - - - - III 122 336 | 2,965 

Average of Sand II. 

Purchased, : - . - - III 144. |. 37703445 

Food, Waste, - - - - - - 6 8 15 150 
Eaten, - - - - - : 105 135 362 | 3,185 


Two Dietaries of Station Agriculturist’s Family. 
g. Winter, 1893. 











Purchased, - - - - - 106 145 405 3,450 
Food, Waste, - - ae - 7 6 7 115 
Eaten, - - - - - bled e 99 139 393°) 3,335 
13. Summer, 1893. . 
Purchased, - - - - - 133 150 475 | 3,885 
Food, Waste, - : = - “ - A 5 S 85 
Eaten, - - - - - - 129 145 472 | 3,800 
Average of 9 and 13. 
Purchased, - - - - = 120 147 4140-c) Sh O9e 
Food, Waste, - 2 : “ * “ 6 5 5 I0O 
, Eaten, - - - - - - Lia aide 435°) 357¢ 
12. Dietary of a Students Club. . 
Purchased, - - - - - 1i3 180 376 | 3,680 
‘ Food, Waste, - : = 4 Seas Teen 19 39 30 540% 
Baten) i's - . - - : g2 I4I 313.4. sya 
Minimum of above, - ~~ - - - 83 103 336 | 2,965 
Food : 
cp ae Maximum of above, - - - . 129 I7L 478 | 3,800 
*( Average of above, - - + > + *| 106) 120) 200); Giggs 
Dietary Standards for Men at Moderate Work. 
Voit (German), . é . - 4 118 56 500 | 3,060 
Atwater (American), - - ae es . 125 ras 450 | 3,560 





* Report of this Station, 1892, pages 135-162. ~ 
+ 00 grams = 3.5 ounces, or .22 pounds. 1 ounce = 28.35 grams. 1 pound = 453.6 grams. 
+ There was very little waste in this dietary, , 

~ § Report of this Station, 1891, pages 90-106. 
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DIETARY STUDIES IN THE UNITED STATES AND ELSEWHERE, 


In the Report of this Station for 1892 considerable space was 

devoted to the subjects of food and dietaries. In the Report for 

1892 was ashort chapter on “Economy of Food.” Bulletin No. 7 of 

the Station treated of similar subjects. The favor with which 

these publications have been received has been most encouraging. 

Among the evidences that such inquiry is coming to be regarded 
as most useful, is the fact that the Secretary of Agriculture has 
recommended to Congress an appropriation of $10,000 for the 
study of the subject by the Department of Agriculture in con- 
nection with the experiment stations and otherwise, and that the 
Office of Experiment Stations of that Department has undertaken 
the compilation of results of inquiries in this country and in 
Europe regarding the economy of food. 

In connection with this compilation, which has been placed in 
my charge, I have, with the aid of Drs. H. B. Gibson and C. 
F. Langworthy, endeavored to collate the results of the studies 
of dietaries made in this direction up to the present time. We 
have found records of the examination of 491 Separate dietaries, 
exclusive of army rations. The most of these have been made 
in Europe. The earliest date back to 1851. The majority have 
been made during the past 15 years and by far the larger number 
of the most reliable ones during the past 10 years. The people 
whose dietaries have been studied have been of various classes, 
ages and occupations. A few were in professional life and were 
decidedly well-to-do. The most were wage workers; some of 
these were very poor, but the larger number were in reasonably 
comfortable circumstances as compared with the majority of 
people of like occupation in the countries where they lived. 

From the 491 dietaries we have selected 338 as accurate enough 
to warrant their use in drawing inferences. The number of per- 
sons whose food consumption was observed in each dietary of 
this selected list varied from a single individual to several hun- 
dred. The time of observation in each case was from one to 
thirty days. This list of 338 we have divided in two classes, 

the first including all the studies that seem to us reasonably ac- 
curate and complete; the second including those which are less 
accurate, but sufficiently so to allow their results to be included 
in the general averages. The classification of all these dietaries 
by countries and by completeness of detail is summarized in the 
following tabular statement, ; 
18 
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NuMBER OF DIETARIES COLLATED. 
Classified by Countries and by completeness of detatl. 


A. Reasonably accurate and complete. 3B. Less accurate, but included in 
averages. C. Not included in averages. 






































A B c | A+B | A+B+C 
Ak Sn ees abe LS 
EUROPE. 
Aste land gent Meaney on eer ey oo ar 7 | 49 7 56 
Scotland, Wales and Treland, - - — — 9 — 9 
France, - - - - - ae I 5 I 6 
Belgium, - - - - - ~ — — 15 oman 15 
Denmark and Sweden, “ 3 - pW a po 15 15 
Russia, - - - - - - 4 29 29 
Germany, - - - - - - 54 I51 186 
Austria, - = e 3 : ed eo 3 3 
Switzerland, = - - - - 2a 2 12 
Italy, - = - - : - - 15 15 30 
Spain and Portugal, - - - - — = 6 
Total, Europe, - : - go 223 367 
ASIA. 
India, - : é é : z a pay 7 
Java,* - - - ? ‘ - I I 5 aE 
Japan, - - - ~ - - . 8 13 14 
Total, Asia, - - - - 9 14 22 
CANADA. — 13 13 
UNITED STATES. 
Massachusetts, - - - - - — 19 19 
Connecticut, - - - - . 13 18 19 
Penn., Philadelphia, - - - - — 25 25 
Ill., Chicago, - - - - - — 26 26 
Total, United States, - ‘ 1s 88 89 
Total, North America, - = 13 IOI 102 
Grand Total, - - - - 112 338 491 














*Java Village, World’s Fair, Chicago. 


It will be observed that of the 338 dietaries of the first two 
classes, 101 were made in the United States and Canada, of which 
38 were in New England, 25 in Philadelphia, and 26 in Chicago. 


All of these were observed during the past eight years, and all but. 


those in the two cities last named were studied by the writer and 
his assistants at Wesleyan University in coéperation with the 
Massachusetts Bureau and the U.S, Department of Labor, and 
as part of the work of the Storrs Experiment Station. 
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Of the European dietaries in the selected list, only seven are 
from England; those were determined by Playfair some 30 years 
ago. Only one comes from France, 15 are from Sweden and 
Denmark, and 29 from Russia. From Germany are 151, of which 
the earliest were by Liebig and a very large number are by Voit 
and his followers. From Italy are 15, of which eight are by 
Manfredi and six by Albertoni and Novi; these 14 include some 
of the latest and most thoroughly studied of all. From Japan 
are 13, all of which have been made lately by Germans connected 
with the University of Tokio and by Japanese working with them. 
One was the dietary of Javanese in the Java village at the World’s 
Fair; this was studied in connection with the examinations of 
foods made under the direction of the writer and referred to on 
page 14 of this Report. 

My object in citing these statistics is to call attention to the 
fact that this kind of inquiry is to-day well under way in several 
parts of the world. It represents the beginning of a science, 
that of the comparative nutrition of mankind, the comparisons 
being made by race, class, occupation, income, and social condition. 

This investigation of the habits of food consumption is a branch 
of the general science of nutrition.. It represents the broad, 
practical, humanitarian side of that science. The facts it seeks to 
find out and set in order are of the greatest importance. In con- 
nection with the codrdinate facts of housing, clothing, occupation, 
income, and expenditure, and the like, they belong to the funda- 
mental data of the great problem of human living. They are 
indispensable for the right understanding of the status of the 
different classes and races of men and the ways of elevating them. 

The other side of the science of nutrition comes more fully 
within the domain of chemistry, physics and physiology; it begins 
with the study of food and the ways it is used in the body; it 
culminates in the study of the laws of the conservation of matter 
and of energy, and their application to the living organism. An 
effort in this last direction is being made in the development of 
the respiration calorimeter to which reference was made on page 
16 of this Report. 

The study of food and dietaries has an intensely practical side. 
It comes home to every household and to every person. It is 
most intimately connected with our health and our strength for 
work, for our bodies are built up and kept in repair by our food, and 
food gives us power for the labor of hand and brain. It reaches 
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deep into the purse, for half the earnings of the wage workers of 
Connecticut, as of the rest of Christendom, are spent and must be 
spent for food. | 

The results of examinations of dietaries which are cited in de- 
tail in this article, represent a part of a series of observations 
which are being carried on year after year. Some of the practical 
applications were given in the two previous Annual Reports 
of the Station, namely those for 1891 and 1892. In an article in 
the latter on The Economy of Food, considerable space was 
given to the practical aspect of the subject in its bearing upon 
personal and household economy. It is hoped that future pub- 
lications will contain still more information of practical as well as 
theoretical interest. 


IMMEDIATE PRACTICAL APPLICATIONS. AGRICULTURAL BEARINGS 


OF THE SUBJECT. 


In closing, I may recapitulate in a few words some of “the: 
practical bearings of the subject. Scientific research, interpreting 
the observations of practical life, indicates that we make a four- 
fold mistake in our food economy. 

First, we purchase needléssly expensive kinds of food. Wedo 
this under the false impression that there is some peculiar virtue 
in the costlier food materials, and that economy in our diet is 
somehow detrimental to our dignity or our welfare. And, unfor- 
tunately, those who are most extravagant in this respect are often 

the ones who can least afford it. 

Secondly, the food which we eat does not always contain the 
proper proportions of the different kinds of nutritive ingredients. 
We consume relatively too much of the fuel ingredients of food, 
such as the fats of meat and butter, the starch which makes up 
the larger part of the nutritive material of flour and potatoes, and 
sugar and sweetmeats. Conversely, we have relatively too little 
of the protein or flesh-forming substances, like the lean of meat 
and fish, and’the gluten of wheat, which make muscle and sinew 
and which are the basis of blood, bone, and brain. 

Thirdly, many people, not only the well-to-do, but those in 
moderate circumstances, use needless quantities of food. Part 
of the excess, however, is simply thrown away with the wastes of 
the table and kitchen; so that the injury to health, great as it 
may be, is doubtless much less than if all were eaten. Probably 
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the worst sufferers from this evil are well-to-do people of seden- 
tary occupations—brain-workers as distinguished from hand- 
workers. 

Finally, we are guilty of serious errors in our cooking. We 
waste a great deal of fuel in the preparation of our food, and 
even then a great deal of the food is very badly cooked. A 
reform in the methods of cooking is one of the economic demands 
of our time. 

To the farmer the subject is of vital interest. The agricultural 
production of the United States is out of balance. Our food 
supply for man and beast contains an excess of the materials 
which serve the body for fuel, and are relatively deficient in the 
nitrogenous compounds which make blood, muscle, and bone. In 
other words, the farmer produces relatively too much starch, 
sugar, and other carbohydrates; too much fat and too little pro- 
tein. The crops he grows are, taken together, deficient in protein, 
and the meat he makes is excessively fat. The one-sidedness 
of our food consumption is the natural result of the one-sided- 
ness of our food production. 

The remedy for the evil is in growing crops with more pro- 
tein. The needed increase of protein may be obtained by use of 
nitrogenous manures, by breeding and importing varieties of grains 
and grasses richer in nitrogen than those we now cultivate, and 
by growinganore legumes, such as clovers, alfafa, vetch, seradella, 
Cow peas, peas, and beans. 

The legumes do not require nitrogen in manure, but do well 
with the less expensive mineral fertilizers. They obtain nitrogen 
directly from the air and convert it into protein. The farmer 
needs this protein for fodder; by mixing the leguminous pro- 
ducts with poor hay, straw, and cornstalks, which lack protein, 
the latter can be most profitably utilized. The food thus pro- 
duced for stock is what is needed to make more meat and at the 
same time meat which will be tender and juicy without excess of 
fat, and to make more milk at less cost. The nitrogen not trans- 
formed into meat or milk makes rich manure for grasses, grains, 
and other crops. And finally, the richer manure helps to bring 
larger crops and crops richer in protein. 

The error which causes the one-sidedness of our agricultural — 
production brings cumulative ill; the means for amending it will 
bring cumulative good. 
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Acorns, digestibility of, - - - 
Alfalfa, composition of, - - - 
digestibility of, - - - 

Alsike clover, composition of, - 
Alvord, Wm. E., - - - - 
Analyses of fodders and feeding 
Miwatery We) som) = 
Avena elatior, composition of, = - 
Bacteria in the dairy, - - - 
Barley fodder, composition of, —- 
grain, composition of, - 
digestibility of, - 

straw, digestibility of, - 
Barnes, Isaac, - - - - - 
Barn yard grass, digestibility of, - 
Bean straw, digestibility of, - - 
Beans, digestibility of, - - - 
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INDEX. 


stuffs, 


Beet diffusion residue, digestibility of, 


Beets, composition of, - - - 
digestibility of, - - - 

Beet tops, digestibility of, - - 
Blivin, James B., - - - - 
Blood meal, digestibility of, 
Blue grass, composition of, - - 
Blue joint, digestibility of, - - 
Bran, composition of, -  - - 
digestibility of, - - - 
Brewers’ grains, composition of, - 
digestibility of, - 

Brome grass, composition of, - 
Buckwheat grain, composition of, - 


middlings, composition of, 


Buttercups, digestibility of, - - 
Calculation of rations, - - - 
Carer...) 52) - = - - - 
Carob bean, digestibility of, - - 
Carrots, composition of, et ES 

digestibility of, - - 
Clover, composition of, - -  - 

digestibility of, - - - 
Cocoanut meal, digestibility of, - 
Comfrey, digestibility of, - - 


Composition of New England feeding stuffs, 


Conn, H. W.,'-. - - - 
Corn cobs, composition of, - - 
ensilage, composition of, 











—_——_#¢@——_ 
PAGE. PAGE. 
- - 161 | Corn, digestibility of, - - - - 158, 164 
- - 146 fodder, composition of, - - - 144, 147 
159, 163, 164 (maize), digestibility of, - 158, 164 
- = 149 grain, composition of, - 150, I5I ~ 
- - 138 digestibility of, - 161, 163 
-PaAa7 meal, composition of, - 23, 26, 151, 153 
- 8, 174 stover, composition of, - 19, 22, 26, 147 
- - 145 (maize) stover, digestibility of, - 160, 164 
- - 43 and cob meal, composition of, 23, 26, 152 
- - 144 digestibility of, - - 164 
ae RG and oats ground, composition of, 24, 27 
- 161, 163 | Cotton seed meal, composition of, 23, 24, 27, 155 
- - 160 digestibility of, - - 164 
- - 71 | Couch grass, digestibility of, - - 158, 164 
- - 158 | Cow pea fodder, composition of, - 18, 21, 25, 146 
- - 160 peas, soil test with, -  - - - 127 
-" 161, 163.'| Cows, rations for, -~ =. =" ")=0aeeee 
- 162 fed in Connecticut,- - - 69 
- = 152 Crane, W. a5 = = = = = = = ye 
- 160, 161 | Cream, ripening of by bacteria, - - eee | 
- 4.388] Dairy, bacteria‘in, - ~~ = _q=)) G3 ee 
& - 71 | Dari seeds, digestibility ee - - - - 161 
- 162, 163 | Daisy, white ti digestibility of, - - 158 
~ pi rgb.) ean, Ma ELA, - - - - - 122, 136 
- 158, 164 | Dietaries, haies of, - = 2 = - “194 
- - 155 | Dietary of a carpenter’s family, - - - 182 
161, 163, 164 college club, - - - = 185 
4 ue ESS mason’s family, - l-) Saag 
oa P= 02 Station Agriculturist’s family, 176, 188 
- «= 147 | Digestibility of feeding stuffs,” \)-~ ie asuieae 
- = 150. | Director, report;of, - =) ote eee 8 
1st, 155 | Ellis, HarveyS., - - - - - = @E 
- - 158 | Ensilage corn, composition of,  - 19, 21, 25, 150 
= ~ § 268 digestibility of, - - - 158, 164 
- «= #1 | Executive Committee, - —- 9) =) seem 
- Se TOE report of, - - < 
- - 152 | Experiments with fertilizers,-  -  - - 119 
- - 163 | Feeding experiments with sheep, - - - 28 
- 145, 149 stuffs, composition of New Eenpiaae ‘140 
159, 163, 164 digestibility of, - - - 156 
- 162, 163 | Fertilizers, field experiments with, os oe Seg 
- - 158 | Fescue grass, composition of, - 18, 21, 24, 147 
140 | Field experiments with fertilizers, - - 119 
- - 43 | Fish meal, digestibility of, - - - - 162 
- - 152 | Flesh meal (ground meat), digestibility of, 162,163 
- 19, 21, 25, 150 | Fodders and feeding stuffs, analyses of, - 17 


























INDEX. 


PAGE. 
Fow! meadow grass, composition of, - - 147 
Germ meal, composition of, - - - - 153 
Gluten meal, composition of, - - 24,275 153 
digestibility of, - - = J £01, 164 
Green fodders, composition of,  - ee ee YF} 


Meemetor Chas, Po a 71 
Hay, mixed grasses, composition of, 
19, 22, 25, 26, 147, 
digestibility of, 
158, 159, 162, 163, 164 
Holmes, R. E., - Res al ey 


148 


Hominy chops, composition of, - 24, 27, 153 
Hops, extracted, digestibility of, - - = 160 
Horse chestnuts, digestibility of, - - - 161 


Hungarian grass, composition of, 


18, 22, 25, 144, 147 
special nitrogen experiment 


with, - “ - 130 
June grass, composition 6f, - - - - 146 
meathrop, ©. H., -.-)% - - - - - 138 
Linseed, digestibility of, - - - - 161 
meal, composition of, - 23, 27, 155 
digestibility of, - - - 162 
Lupin hay, digestibility of, - = - - 160 
Lupins, seeds, digestibility of,  - - 161, 163 
Lupin straw, digestibility of, - - - 160 
Maize, see corn. 
Malt sprouts, composition of, - 24, 27, 154 
digestibility of, - - 162, 164 
Sranchester,Rdward, -. 9 - =/+'.:,_ - at 
Elbert, - - - - - 137 
Mangolds, composition of, - - + - 152 
May beetles, digestibility of, - - - 163 
Meadow fescue grass, composition of, - 144, 147 
grass, digestibility of,  - - - 158 
Meal, corn, composition of, - - =) sry 153 
Meteorological observations, - - - - 116 
Middlings, buckwheat, composition of, I51, 155 
digestibility of, - - = - 164 
wheat, composition of, - ~" “165 
Milk, digestibility of,  - - - - - 162 
sour and loppered, digestibility of, - 163 
Milling products, composition of, - - = (3gt 
Norton, Edward, - - - - - - JI 
Oat feed, composition of, —- - 24, 27,154 
fodder, composition of, - - - - 144 
gtass,composition of, - -  - 17, 21, 24 
grain, composition of, - - - = Ry 
digestibility of, - - - 161, 163 
hay, composition of, - - 19, 22, 148 
straw, composition of, - - - - 148 
digestibility of, - - - 160, 164 
Oats and corn ground, composition of, 24, 27 
Oat and pea fodder, composition offs - - 146 
hay, composition of, - - - 149 
vetch fodder, composition of,-  - 146 
hay, composition of, - - 150 


Wiicers ofthe Station, <fs 0 +) = = g 
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PAGE. 


Orchard grass, composition of, 


18, 21, 24, 25, 145, 148 
digestibility of, - - 158, 164 
Palm nut meal, digestibility of; a= - - 162 
Pasture grass, digestibility of,” - - 158, 164 
Pea meal, composition of,  - - 24, 27,153 
digestibility of,  - - - - 164 
straw, digestibility of,  - wn fae A) OT Oa 
and oat fodder, composition OF, (C4) aaa 
hay, composition of, - - - 149 
Péanut meal, digestibility of, - - - 162 
Pearl millet, composition of,- —- - 145, 148 
Peas, composition of, - - - - =) “157 
digestibility of, - - - = 65164 
Phelps, CaSi, - - - - 28, 69, 116, 119 
Poplar leaves, digestibility of, - a. a set 8 
Potatoes, composition of, - - - - 153 
digestibility of, - = 160, 263,164 
Potato tops, digestibility of, - —- + de agi 
Potter, N. D., - - - - - -- JI 
Pumpkin, composition. of -<. -c, Audiaels 153 
Ration for a milch cow, - = - - 94 
Rations, calculation of, - - - - - 168 
fed milch cows in Connecticut, - 69 
Rainfall, - - - - - - - - 117 
Rape seed meal, digestibility of, - - - 162 
Red top, composition of, - - =» 145, 149 
digestibility of, - - - 158, 164 
and timothy hay, composition Of, f-5 74g 
Report of the Director, - - - - - 8 
Executive Committee, - - 5 
Treasurer, - - - - 6 
Rice, digestibility of,  - - - - - 163 
fodder meal, digestibility of, - - 161 
straw, digestibility of, - - - - 160 
Ripening of cream by artificial cultures of 
bacteria, - = - - - mn OY 3 
Roots, composition of, - =a ve - - 152 
digestibility of, - - = 100, 163, \164 
Rowen hay, composition of, - - 19, 22, 26, 149 
digestibility of, - - - - 159 
Ruta-bagas, composition of, - - - ~ 153 
Rye bran, composition of,  - - 24, 27, 155 
digestibility of, — - - - - 163 
fodder, composition of, - - - - 145 
digestibility of, - - - 158, 164 
grass, composition of, - - - - 149 
meal, composition of, - - - 24, 27 
straw, digestibility of, - - - - 160 
composition of, - - inh! Ob ay 
Sadd, H. W.,, - - - - - - ee 
Sainfoin, digestibility of, - - - - 159 
Serradella, composition of, - - - 146, 149 
digestibility of, - - - - 160 
Sesame oil cake, digestibility of, - - - 162 
‘Sharpe, C, A., - = - - - - 139 
Sheep feed, analyses of, - - - 20, 24, 27 
feeding experiments with, - su s85 328 
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PAGE, 
Silage, see ensilage. 

Soil test experiments, <9 -.. <9 =) = ex 
by M. H. Dean, - - 122 
Station, - - - 126 
Sorghum fodder, digestibility of, - - 158, 164 
Soy bean fodder, composition of, - - - 146 
hay, digestibility of, - - - 160 
pods, digestibility of,  - - - 160 
straw, digestibility of, - - - 160 
beans, digestibility of,  - - - - 161 

Special nitrogen experiment on Hungarian 
Qrassy. Sey oe eis Te - 130 
Spelt bran, digestibility of, - = = = 161 
straw, digestibility of, - - - - 163 
Sperry Brothers, - = = 2 3 - 137 
Starch feed, composition of, - - - - 154 
Station, Officers of, - - - - - 4 
Stockwell, Samuel, - ~ - - - «JI 
prores College Trustees of, = 4 2-2 po el 
Straw, digestibility of, - - - 160, 163, 164 
Squash, composition of, - - 3 = - 253 
Sunflower seed cake, digestibility of, - - 162 
Sweet vernal grass, composition of, - - 145 


TABLES:— 


Composition of fodders and feeding stuffs, 

21427, T4415, 17 tly 2 
Dietaries here reported upon, - - 176-192 
Digestibility of feeding stuffs, 

158-164, 166, 167 

Experiments with bacteria, —- - 56-60 
Meteorological summary, - - 117, 118 
Rations for milch cows, 99, 100, 102, 104-115 
Sheep feeding experiments, 


39-32) 34-37) 39-41 
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TABLES:— ; 
Soil tests with corn, -  - - = 136-139 
cow peas, - - + 129, 136 

Special nitrogen experiment with Hunga- 
rian, SE 
Statistics of dairy herd, - -  - 72, 75-92 
Tall oat grass, composition of, - - soo hae 
Thompson, E., F.,0-. = = (=) == ee 
Thompson, John, - - - - - Paay £4 


Timothy, composition of, 18, 21, 25, 145, 149 
hay, digestibility of, -  - 158, 164 
and red top hay, composition of, : 

19, 22, 26, 149 


Treasurer, report of, - - - - - 6 
Trustees of Storrs College, - - - ee” 
Turnips, composition of, - - - - 153 
digestibility of, - - - - 161 
Vetch fodder, composition of, - - - 146- 
hay, composition of, - - - - 150 

. digestibility of, - - - - 160 

seed, digestibility of, - = oe - I61 

and oat fodder, composition of, - - 146 

hay, composition of, - - 150 

Wheat bran, composition of, - ~ 23, 26; 27; 155 
digestibility of,-.  - - 161, 164 

fodder, composition of, -. - . 145 
middlings, composition of, _ 23, 27, 155 
digestibility of, - - 164 

straw, digestibility of, - = 160, 163 

White weed, digestibility of, - - - 158 
Wild oat grass, digestibility of, - ~- 158, 164 
Witch grass, digestibility of, - - 158, 164 
Woodbridge, George W., - - - - 91 
Woods, Chas.'D., - - 17, 28, 69, 140, 156, 168 
Yellow oat grass, composition of, - - - 145 








